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ELECTRIC  LIGHTING  IN  MILLS. 


By  C.  J.  H.  Woodbury. 

[Read  before  tlie  New  England  Cotton  Manufacturers'  Association,  Oct.  25,  1882.] 


Althougli  the  cruder  forms  of  electric  light  were  made  early  in  this 
century,  preceding  the  locomotive,  the  telegraph  and  illuminating  gas, 
yet  the  mechanical  refinements  devised  within  a  few  years  have  been 
necessary  to  master  many  of  the  practical  and  economic  difficulties, 
and  render  it  fea.^iible  to  bring  electric  lighting  from  the  laboratoiy  to 
the  commercial  world,  creating  an  element  in  manufacturing  affairs. 

Although  our  object  is  to  consider  electric  lighting  solely  in  regard 
to  its  employment  for  industrial  purposes,  a  better  understanding  may 
be  reached  by  examining  some  of  the  principles  involved  in  its  pro- 
duction. 

The  accumulation  of  electricity  by  means  of  a  dynamo  machine  is 
based  upon  two  principles :  First,  that  when  a  wire  is  moved  across  a 
magnet  through  the  field  of  force,  the  power  exerted  against  the  attrac- 
tion of  the  magnet  is  converted  into  electricity.  Second,  when  an  elec- 
tric current  is  passed  through  insulated  wires  coiled  around  a  piece  of 
iron,  the  iron  is  magnetized. 

In  a  dynamo  machine  the  magnets  are  very  feebly  magnetized ;  but 
when  the  armature  is  revolved  it  generates  an  electric  current,  which 
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passes  through  the  wires  around  the  magnets,  increasing  their  strength 
and  enabling  them  to  produce  a  stronger  current  in  the  armature,  and 
this  in  turn  adds  to  the  strength  of"  the  magnets,  the  armature  and  the 
magnets  reacting  on  each  other  until  the  limit  of  the  capacity  of  the 
magnets  is  reached,  after  several  hundred  revolutions  of  the  armature. 
When  the  motion  of  the  armature  is  stopjied  the  magnets  lose  nearly 
all  their  magnetism,  as  soft  iron  will  not  retain  magnetism  like  steel. 

Permanent  steel  magnets  were  originally  used  for  this  purpose ;  but 
electro  magnets  are  capable  of  holding  twenty  times  as  much  magnet- 
ism as  permanent  magnets. 

This  is  the  rough  outline  of  dynamo  machines.  Their  construction 
is  not  so  simple  a  matter,  involving  numerous  problems  upon  matters 
which  cannot  be  considered  here. 

Electricity  for  lighting  might  be  furnished  by  galvanic  batteries,  but 
the  cost  would  amount  to  twenty-five  times  as  much  as  when  generated 
by  a  dynamo. 

There  are  two  methods  of  converting  electricity  into  light.  The 
arc  light  is  chiefly  due  to  the  glowing  of  the  tips  of  the  carbons  caused 
by  the  high  temperature  produced  by  the  current  overcoming  the  resist- 
ance offered  by  the  space  between  the  carbon  poles,  whereby  the  energy 
of  the  electricity  is  converted  into  heat. 

The  carbons  are  slowly  volatilized  and  partially  burned.  The 
intensely  heated  vapor  adds  to  the  illumination,  but  the  combustion  of 
the  burning  carbon  interferes  with  the  light,  as  the  arc  light  is  more 
brilliant  when  enclosed  in  a  glass  receiver  and  removing  the  air.  The 
incandescent  light  is  produced  by  the  current  overcoming  the  resist- 
ance offered  by  a  filament  of  carbon  and  raising  it  to  a  temperature 
sufficient  to  render  it  luminous. 

The  immediate  destruction  of  the  carbon  is  prevented  by  regulating 
the  quantity  of  the  current  and  enclosing'^  the  carbon  in  a  glass  bulb 
and  exhausting  the  air,  so  that  it  cannot  burn. 

Both  the  arc  and  the  incandescent  light  is  due  to  the  glowing  of 
intensely  heated  carbon.  In  the  arc  light  the  incandescence  is  destruc- 
tive to  the  carbon ;  and  in  the  incandescent  lamp  the  object  is  to  make 
the  carbon  as  enduring  as  possible  under  the  conditions  of  brilliancy, 
which  are  essential  for  satisfactory  results.  The  arc  lamps  are  placed 
at  openings  in  the  conducting  wires,  and  the  carbons  form  a  portion  of 
the  circuit.  The  electricity  passes  tiirough  the  lamps  in  order,  and 
the  tension  is  reduced  a  certain  amount  at  each  lamp. 
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In  the  incandescent  system  the  lamps  are  liiing  in  wires  swung 
down  from  the  main  conductors,  so  that  the  current  is  divided,  an 
equal  portion  passing  through  each  lamp.  The  comparison  is  some- 
times made  that  the  main  conductors  could  be  represented  by  the  sides 
of  a  ladder,  while  the  position  of  incandescent  lamps  would  be  in  the 
middle  of  the  rounds  of  the  ladder. 

In  the  arc  light,  where  the  carbon  is  hciital  to  destruction,  the  total 
<5[uantity  of  light  for  a  given  expenditure  of  electricity  ia  about  nine 
times  what  it  is  in  an  incandescent  light  working  at  a  commercial  rate. 
In  an  incandescent  lamp  the  question  of  endurance  of  the  carbon  is 
the  second  factor  in  determining  the  most  advisable  brilliancy  for  the 
light. 

According  to  Howell's  experiments  on  the  Edison  light,  if  the  elec- 
tricity supplied  to  a  16  candle  power  Edi.son  lamp  l)e  increased  one- 
fourth,  the  candle  power  is  doubled,  but  the  endurance  of  the  lamp 
would  be  reduced. 

The  golden  mean  of  the  true  economy  between  expense  of  renewals 
of  lamps  and  that  of  power  can  be  reached  only  by  long  experience. 

I  presume  that  the  present  intensit}'  of  brilliancy  which  has  been 
adopted  is  at  about  the  minimum  cost  for  the  present  construction  of 
■carbons. 

The  unit  of  mea.surement  of  light  is  expres.sed  in  candle  power, 
which  is  the  light  furnished  by  a  standard  wax  candle  burning  120 
grains  per  hour.  The  candle  power  of  burning  gas  is  the  light  given 
by  an  argand  burner  consuming  5  cubic  feet  of  gas  per  hour. 

With  the  incandescent  lamp  the  light  is  nearly  uniform  in  all 
■directions. 

In  the  arc  light  the  terminals  of  the  carbons  are  different,  the  lower 
■carbon  consuming  to  a  sharp  point,  and  the  upper  one  is  blunt  and  the 
■end  concave.  The  light  emitted  from  these  ends  is  not  alike ;  the 
upper  carl)on  having  the  most  heated  surface,  about  nine-tenths  of  the 
light  is  thrown  downward  l)elow  a  horizontal  })lane.  The  power  of 
arc  lights,  as  generally  stated,  is  that  of  the  strongest  rays  which  are 
thrown  down  at  an  angle  of  45  <legrees,  which  i.<  al)0ut  twice  the  bril- 
liancy of  the  average  light.  Nearly  half  of  the  light  i.>  held  back  by 
the  white  ghiss  shades,  and  the  arc  lights  being  further  apart  an  excess 
of  light  is  necessary  to  .secure  sufficient  diffusion  at  extreme  points, 
because  the  intensity  of  light  diminishes  u-^  the  .square  of  t!ie  distance. 

The  value  of  electricity  for  lighting  mills  is  bjusctl  ujkju  the  charac- 
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ter  of  the  illumiuation  desired,  each  mill  being,  to  some  extent,  a  law 
unto  itself. 

One  of  the  first  items  of  consideration  is  the  influence  of  electric 
light  upon  the  opertive,  considered  as  a  machine  to  be  kept  in  good 
condition,  in  order  to  obtain  the  best  results.  As  the  electric  light  does 
not  require  any  air  to  support  combustion,  it  does  not  injure  the  air  in 
a  mill. 

On  the  other  hand.  Dr.  William  A.  Hammond  states  :*  "  A  gas 
burner  consuming  four  cubic  feet  per  hour  produces  more  carbonic 
acid  gas  in  a  given  time  than  is  evolved  from  the  respiration  of  eight 
adult  human  beiugs." 

This  is  an  important  matter  in  night  work,  when  the  air  becomes  so 
impure  that  it  prevents  the  operatives  from  doing  the  amount  of  M'ork 
which  they  could  do  if  the  air  was  pure. 

Gas  lights  increase  the  temperature  excessively.  In  the  basement 
story  of  a  mill  400  by  65  feet,  and  15  feet  high,  were  456  looms  on 
heavy  colored  cotton  goods.  The  room  was  lighted  by  457  four-foot 
gas  burners.  When  these  were  used  it  w^as  stated  that  the  tempera- 
ture increased  25  degrees  in  an  hour.  Now  the  room  is  lighted  by  35 
electric  lights,  and  the  increase  in  temperature,  if  any,  is  not  enough 
to  be  indicated  by  an  ordinary  thermometer.  In  tAvo  other  mills  the 
rise  in  temperature,  after  lighting  the  gas,  varied  from  11  to  13 
degrees. 

The  economy  of  any  light  increases  much  more  rapidly  than  the 
temperature.  A  large  gas  light  furnishes  more  light  for  a  given  quan- 
tity of  gas  than  a  small  one. 

t  Nine  years  ago  I  made  some  experiments  upon  the  efficiency  of 
kerosene  burners,  and  obtained  similar  results. 

The  temperature  of  the  upper  carbon  %  in  an  electric  arc  light  is 
estimated  at  6000  degrees  Fahrenheit,  and  the  lower  one  at  4500 
degrees,  but  this  estimate  refers  only  to  the  special  light  experimented 
with,  which  were  used  small  carbons,  and  the  general  result  to-day  is 
probably  greater  than  the  one  given  above. 

This  high  temperature  furnishes  much  more  light  rays  from  a  given 
amount  of  heat  than  a  lower  temperature  would  give, 

*  Our  Continent,  March  8,  1882. 

f  Journal  Franklin  Institute,  August,  1873. 

+  Journal  de  P/iysiyue,  August,  1879. 
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Dr.  Chas.  W.  Siemens,  in  an  address  delivered  before  the  British 
Association  in  York,  England,  last  August,*  stated  that  in  a  gas 
burner  only  one  per  cent,  of  the  calorific  energy  of  combustion  pro- 
duced light;  while  in  the  incandescent  light  it  was  three  and  seven- 
tenths  per  cent.,  and  in  the  arc  light  it  amounted  to  thirty-three  per 
cent.  Whether  subsequent  investigation  may  not  modify  these  results 
is  an  open  question,  but  the  general  statement  that  the  electric  light 
contains  a  much  smaller  proportion  of  the  heat  rays  than  gas  will  be 
questioned. 

It  is  stated  by  Mr.  W.  H.  Pickering f  that  the  injurious  effects  of 
artificial  light  upon  the  eyesight  are  due  to  heat  from  lights,  and  not 
to  the  light  itself. 

Another  matter  of  value  in  electric  lights  is  the  ability  to  distin- 
guish tints.  The  light  from  the  tips  of  the  carbons  is  white,  and  the 
light  of  the  arc  between  them  is  a  bluish-purple,  so  that  the  general 
tint  of  the  arc  is  that  bluish-white,  Mliich  has  a  very  white  appearance. 

Where  the  use  of  shades  of  color  is  involved,  electricity  furnishes 
the  only  artificial  light  which  can  be  feasibly  used ;  and  in  such  cases 
where  the  operation  of  a  certain  department  would  otherwise  be  limited 
to  the  duration  of  sunlight,  the  economy  from  the  use  of  the  electric 
light  is,  to  a  certain  extent,  pro})ortionace  to  extra  profits  accruing 
from  this  extension  of  the  time  of  labor. 

In  other  departments  of  manufacturing,  the  aid  to  the  production  of 
perfect  work,  by  this  improved  illumination,  is  a  source  of  additional 
revenue,  because  the  |)roportion  of  damaged  goods  usually  made  when 
the  mill  is  badly  lighted  is  thereby  diminished. 

Expense. 

The  cost  of  maintenance  of  a  system  of  lighting  bears  little  relation 
to  its  intrinsic  worth.  The  item  of  cost  of  lighting  is  a  small  fraction 
of  the  whole  operating  expense,  and  what  is  desired  is  to  light  a  mill 
so  well  that  tlu>re  will  be  no  difference  in  the  character  of  day  and 
night  work,  either  in  quantity  or  quality.  Any  ex])enditure  beyond 
that  is  unwarrantable. 

The  question  of  the  cost  of  lighting  by  electricity  is  subject  to  many 
legitimate  variations,  of  which  the  question  of  power  is  most  variable. 

*  Enrjinferimj,  Septeniljer  1,  1882. 
f  Nature,  February  9,  1882. 
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In  a  steam  mill,  where  the  dynamo  is  driven  by  the  same  engine  that 
runs  the  mill,  it  should  only  be  charged  with  its  share  of  fuel,  but  not; 
with  any  other  expense  of  power,  wherever  it  does  not  introduce  any  new" 
expenditures  in  the  way  of  plant,  repairs,  or  labor  in  the  engine  room.. 

Some  mills  have  departments  which  are  only  run  by  daylight,  where 
work  is  thrown  off  at  sundown,  and  so  compensates  for  tlie  steam 
required  by  the  dynamo.  For  example,  in  one  mill  using  electric 
lights,  the  power  used  in  the  nepping  room  is  slightly  more  than  is 
required  for  the  dynamo,  so  when  the  machinery  in  that  room  is 
stopped,  the  dynamo  can  be  started  without  bringing  any  extra  load  on 
the  engine.  Most  factories  are  driven  by  water  power,  with  supple- 
mentary steam  power  during  low  water  in  the  summer  months;  the 
electric  lights  would  be  required  during  the  shorter  days  of  the  year 
at  a  time  when  there  is  usually  an  abundance  of  water,  and  the  extra 
power  can  be  used  by  the  dynamo  by  the  use  of  more  water,  without 
requiring  any  additional  expense. 

It  is  difficult  to  make  a  comparison  between  various  methods  of 
illumination,  because  a  change  of  light  is  always  made  an  excuse  for 
more  light. 

The  majority  of  mills  are  lighted  with  gas  made  by  the  destructive 
distillation  of  petroleum,  and  of  about  80  candle  power,  which  is  gen- 
erally reduced  to  60  candle  power  by  mixing  air  with  it,  and  burned 
through  one  foot  (nominal)  burners,  which  consume  about  one  and  a 
quarter  feet  per  hour. 

The  annual  cost  of  oil  gas  per  burner  is  from  seventy-five  cents  to 
one  dollar.  In  all  these  estimates,  interest  at  six  per  cent,  forms  one 
item  in  cost.  One  large  corporation,  with  exceptional  privileges,  makes 
its  coal  gas  at  an  annual  cost  of  69  cents  per  burner.  Another  corpo- 
ration, inland,  makes  its  coal  gas  at  $1.25  per  thousand  cubic  feet,  at 
an  annual  cost  of  |1.79  per  burner,  each  burner  consuming  1433  cubic 
feet  annually. 

Of  two  large  mills  in  the  same  city,  manufacturing  similar  goods, 
the  more  modern  one  makes  oil  gas  at  an  annual  cost  of  79  cents  per 
burner,  while  the  older  one  buys  coal  gas  at  $2.65  per  burner. 

Sometimes  when  the  gas  making  apparatus  is  not  managed  with 
skill,  the  goods  are  damaged  from  soot  which  settles  on  them. 

The  longer  time  light  is  required,  the  average  cost  is  lessened,, 
because  with  the  addition  of  operating  expenses,  the  interest  on  plant,, 
being  a  fixed  amount,  becomes  a  smaller  proportion  of  the  whole  cost». 
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In  electric  lighting,  the  cost  of  plant  is  so  much  that  interest  is  an 
important  item,  and  when  a  mill  is  run  nights,  the  relative  cost  of 
electric  lighting  is  materially  diminished.  A  white  cotton  mill,  run- 
ning 60  hours  a  week,  generally  uses  light  300  to  350  hours  a  year ; 
where  they  run  66  hours  a  week  lights  are  required  400  to  450  hours 
a  year.  A  dark  mill  requires  about  twice  the  number  of  ligiits  that  is 
,  sufficient  in  a  white  mill,  and  uses  light  about  100  hours  a  year  more 
than  a  white  mill. 

An  arc  light,  as  generally  used  in  mills,  requires  about  one  horse- 
power. Mr.  James  Renfrew,  Jr.,  at  Adams,  Mass.,  has  found,  by  test, 
that  the  40  light  Brush  dynamos  in  his  mills  each  require  36'6 
horse  power.  The  lights  were  running  in  a  satisfactory  manner,  but 
no  photometric  tests  Avere  made. 

The  cost  of  arc  lights  in  several  steam  mills  running  400  hours  per 
year,  is  6^  cents  per  hour,  of  which  li  cents  are  for  carbons,  and  5 
cents  for  attendance,  coal,  depreciation  and  interest.  When  a  mill 
runs  nights,  the  hourly  cost  is  diminished. 

The  ratio  of  substituting  electric  lights  for  gas,  is  quite  variable, 
being  one  arc  light  to  from  ten  to  twent}^  gas  burners.  In  one  mill 
lighted  by  kerosene  the  ratio  was  one  arc  lamp  to  eight  kerosene 
lamps. 

In  a  colored  mill,  one  arc  light  will  light  the  looms  on  700  to  1400 
square  feet  of  floor,  but  in  a  white  mill  the  same  light  will  be  sufficient 
for  looms  on  1000  to  2000  square  feet  of  floor.  The  reflected  light 
from  white  walls  and  ceilings  adds  very  materially  to  the  diffusion. 

A  card  room  48  by  100  feet,  containing  64  cards,  was  satisfactorily 
lighted  by  one  arc  light.  The  end  of  the  room  was  extended  about 
40  feet,  and  the  light  was  not  satisfactory  toward  that  end  of  the  room, 
because  there  was  no  end  wall  to  serve  as  a  reflector. 

It  is  convenient]  to  compare  the  cost  of  electric  lighting  with  the 
expense  of  gas  in  the  same  place,  although  it  nuist  be  remembered  that 
gas  does  not  furnish  as  much  or  as  good  light,  and  is  tlierefore  not  so 
valuable  where  quality  of  light  is  of  importance. 

In  a  weave  room,  on  very  fine  work,  24  arc  lights  replacal  292  six 
foot  burners,  which  consume  (292x6)  1752  feet  per  hour,  so  one  arc 
light  represents  the  consumption  of  (1752-^-24)  73  feet  of  gas  per  hour. 
A  wireful  e^stimate  shows  these  arc  lights  to  be  costing  6J  cents  an 
hour,  so  this  arc  lighting  system  represents  gas  at  89  cents  per  thou- 
sand.    A  similar  estimate  in  another  mill  gives  the  annual  cost  of  gas 
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$2188,  and  electricity  at  $1125,  or  equal  to  gas  at  90  cents  a  thousand. 
The  annual  saving  to  that  mill  in  lighting  expenses  by  the  use  of 
electricity  makes  a  profit  of  $1603,  which  represents  6  per  cent,  on 
$17,716,  without  making  mention  of  any  improvement  in  work  or 
production  due  to  that  light.  In  both  of  these  establishments  the 
lights  were  used  about  450  hours  per  year.  Other  estimates  give  the 
cost  of  arc  lighting  equal  to  gas  at  from  65  cents  upward  per  thousand. 
In  the  case  of  incandescent  lighting  the  cost  is  more  difficult  to  esti- 
mate, because  they  are  run  at  all  degrees  of  brilliancy,  affecting  both 
the  power  and  the  life  of  the  lamp. 

Both  the  Edison  and  the  Maxim  lamps  are  guaranteed  to  average 
600  hours ;  yet  in  the  Xew  York  post  office  the  average  record  of 
the  Maxim  lamps  is  stated  to  be  1850  hours  up  to  September  fii'st, 
and  15  lamps  had  already  burned  3456  hours. 

The  ferry  boat  Jersey  Cit}%  belonging  to  the  Pennsylvania  Railroad, 
is  lighted  by  the  Maxim  lights,  and  their  record  has  been  given  to  me 
as  averaging  1645  hours,  and  the  lamjjs  still  burning. 

The  data  for  the  above  was  taken  with  lamps  in  use,  and  does  not 
represent  their  ultimate  endurance. 

Mr.  Timothy  Merrick,  of  Holyoke,  authorizes  me  to  give  the  facts 
respecting  his  experience  with  the  Edison  system  in  the  Merrick  Tliread 
Company's  mill,  number  3.  This  mill  runs  all  night  five  nights  in 
the  week  for  fiftj^-one  weeks  per  year,  using  light  2869  hours  per 
annum.  It  was  lighted  by  95  burners  with  city  gas,  costing  S2.13 
net,  which  amounted  to  §225  per  mouth.  95  Edison  B  burners  (8 
candle  power)  were  substituted  for  the  gas.  In  the  first  1000  hours 
five  lamp  carbons  had  broken,  and  October  20th  they  had  been  in  use 
1278  hours,  and  11  had  broken. 

Allowing  that  the  lamps  average  six  months'  use,  the  cost  of  light- 
ing is  made  up  as  follows : 

190  lamps,  at  $1, 
Interest  and  depreciation, 
6  h.  p.,  at  SIO,     . 

Annual  cost  Edison  light, 
Monthly      "  "  . 

Monthly  cost  gas. 

The  results  from  these  lamps  are  veiy  satisfactory,  and  certainly  in 
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excess  of  what  would  have  been  obtained  if  the  lamps  had  been  forced 
beyond  their  normal  capacity.  ' 

The  Holyoke  Water  Power  Company  furnish  water  power  very 
cheaply;  and  the  result  may  be  interesting  if  we  hold  the  Edison 
Company  to  their  minimum  guarantee;  and  also  change  the  dynamo 
with  four  pounds  of  coal  per  hourly  horse  power. 
4-78-100  renewals  of  95  lamps  equals  454  lamps,  at  $1,00,  $454.00 
Interest  and  depreciation,  ....  153.50 
30-74  tons  coal,  at  §5.75,  .  .  .  176.81 


Annual  cost  Edison  light,  ....  $784.31 
Monthly  "         «         "  .  .  .  65.36 

Which  is  equal  to  gas  at  65  cents  per  thousand. 

The  mill  is  situated  at  the  base  of  a  high  bank,  and  is  only  eleven 
feet,  six  inches  between  floors,  so  it  is  very  hot  in  summer,  and  Mr. 
Merrick  informed  me  that  it  would  have  been  impossible  to  run  the 
mill  nights  during  the  extremely  hot  season  last  summer,  if  the  helj) 
had  been  subjected  to  the  heat  and  vitiated  air  from  the  burning  gas. 

It  must  be  kept  in  mind  that  an  instance  of  a  mill  running  day  and 
night  is  an  extreme  one  in  favor  of  the  electric  lights ;  but  the  data 
are  given  and  the  matter  can  be  estimated  to  suit  other  times  of  opera- 
tion. 

If  the.se  electric  plants  were  charged  the  proportionate  cost  of  power, 
besides  coal,  the  cost  would  be  estimated  greater  than  stated  above. 

Improvements. 

The  question  is  frequently  asked,  will  there  not  be  improvements  in 
electric  apparatus,  so  that  the  light  will  be  furnished  for  less  cost  and 
powxT.  Of  coui-se  there  will  be  improvements,  but  it  seems  as  if  they 
would  refer  to  attachments  rather  than  the  more  permanent  portion  of 
the  apparatus.  The  dynamo  machines  are  the  most  perfect  instru- 
ments, as  they  convert  80  to  90  per  cent,  of  the  motive  power  into 
electricity  delivered  at  the  conducting  wires.  It  will  be  found  essential 
that  all  dynamos  have  current  governors  which  regulate  the  sup[)ly  of 
electricity  in  proportion  to  the  demand,  without  waste  of  energy. 

There  does  not  seem  to  l)e  any  demand  for  a  change  in  the  system  of 
wiring. 

In  the  are  lamps  there  is  urgent  need  of  better  carbons,  and  in  the 
incandescent  lamp  there  is  a  demand  for  the  iiighest  qualities  of  endur- 
ance and  electrical  resistance. 
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These  are  all  matters  of  detail,  and  except  the  first,  refer  to  portions 
which  are  subject  to  continual  renewal. 

The  so  called  "storage"  of  electricity  is  a  subject  which  is  the  object 
of  much  interest.  Electricity  alone,  of  all  forms  of  energy,  is  used 
from  hand  to  mouth,  so  that  the  dynamo  must  be  equal  to  the  greatest 
demand  upon  the  system  at  any  one  instant. 

All  forms  of  electric  lights  require  uniformity  in  the  speed  of  the 
dynamo  and  the  incandescent  lights  are  especially  sensitive  to  varia- 
tions in  the  speed,  so  that  it  is  frequently  advisable  to  have  a  separate 
engine  solely  on  that  account.  Such  uniform  speed  would  not  be 
essential  for  the  dynamo  used  in  charging  secondary  batteries. 

In  a  storage  battery,  the  electricity  is  not  accumulated  in  any  man- 
ner, as  is  sometimes  assumed,  but  a  certain  chemical  action  is  produced 
by  passing  an  electric  current  through  the  battery,  and  later  on  a 
counter-chemical  action  produces  electricity,  when  the  battery  is  dis- 
charged. 

The  Faure  storage  battery  consists  of  sheets  of  lead,  coated  with 
red-lead  and  covered  with  sheets  of  felt.  The  wdiole  is  enclosed  in  a 
box,  and  covered  with  dilute  sulphuric  acid.  On  passing  an  electric 
current  through  the  battery,  the  red-lead  on  the  negative  side  loses  its 
oxygen,  which  combines  with  the  red-lead  on  the  positive  side,  the 
result  being  that  one  coating  of  red-lead  is  reduced  to  pure  lead,  and 
the  other  side  changed  to  peroxide  of  lead.  When  the  battery  is  put 
in  use,  the  theory  is  that  this  atom  of  oxygen  leaves  the  peroxide  of 
lead  on  one  side,  and  rejoins  the  spongy  lead  on  the  other  side,  produc- 
ing the  secondary  current ;  but  difficulty  has  been  experienced  from 
losses  due  to  various  kinds  of  local  action  in  the  battery,  such  as  the 
deposition  of  sulphate  of  lead,  and  the  injury  to  the  sheets  of  felt,  so 
that  the  electricity  regained  has  not  been  as  much  as  is  desired. 

There  are  several  forms  of  secondary  batteries,  all  of  which  are  simi- 
lar in  principle ;  and  one  free  from  the  faults  due  to  local  action  would 
be  a  great  boon  to  all  users  of  incandescent  lamps,  for  then  the  appa- 
ratus would  be  permanent,  and  its  efficiency  such  that  would  insure 
commercial  success. 

Safeguards  of  Electric  Lighting. 

The  experience  of  the  insurance  companies,  in  regard  to  electric 
lighting,  has  constituted  the  subject  a  factor  in  underwriting.  It  is 
difficult  to  estimate  the  amount  of  hazard  to  which  property  is  sub- 
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jected  by  its  use,  because  the  elements  of  danger  are  diminished  by 
suitable  precautions.  The  hazards  attending  the  use  of  the  electric 
light  have  been  over-estimated  j  not  in  numbers  or  magnitude,  but 
because  too  httle  account  has  been  given  to  the  preventable  nature  of 
such  occurrences.  If  these  precautions  are  disregarded,  only  good  luck 
will  avert  disaster. 

It  is  sometimes  assumed  by  those  ignorant  of  the  facts  that  electric 
lighting  apparatus  cannot  set  a  fire.  Electricity  is  no  exception  to 
other  forms  of  energy.     All  power  can  be  converted  into  heat. 

Your  mills  are  equally  liable  to  hot  bearings,  whether  the  motive 
power  is  derived  from  the  fires  under  the  boilers,  or  to  the  head  of 
water  in  the  mill  pond. 

Whenever  anyone  states,  as  a  principle,  that  the  electricity  used  for 
lighting  cannot  set  fire  to  anything  he  is  not  only  in  error,  but  is  utter- 
ing a  fallacy  which  will  lead  to  the  destruction  of  property,  if  carried 
into  effect  in  any  electric  lighting  system. 

It  is  better  to  meet  the  issue  fairly,  and  the  interests  of  all  will  be 
advanced  by  the  consideration  of  its  dangers,  for  in  no  other  manner 
can  suitable  measures  for  protection  be  reached. 

In  the  Mill  Mutual  Insurance  companies  there  were  sixty-one 
establishments  lighted  by  electricity  up  to  last  May. 

With  fcM'  exceptions,  the  lights  had  not  been  in  use  previous  to  the 
autumn  of  1881,  and  many  had  been  started  early  in  the  spring. 

In  these  sixty-one  establishments  I  know  of  twenty-two  fires  due  to 
electric  lighting  and  assignable  to  the  following  causes:  eight  were 
from  globules  of  melted  copper,  or  particles  of  hot  carbon  falling  out 
from  the  bottom  of  the  globes.  The  actual  number  of  fires  from  this 
cause  was  probably  many  times  this  number.  That  class  of  fires  will 
not  continue  to  happen,  as  all  makers  now  set  their  lamp  globes  in  a 
tight  stand  with  a  ridge  around  the  edge.  A  flat  plate  will  not  answer 
the  purjiose,  as  there  was  one  instance  where  drops  of  melted  copper 
rolled  off  and  set  a  fire. 

Four  fires  were  due  to  leaking  water  or  washing  floors,  and  two 
more  were  caused  by  water  in  a  dye-house  condensing  on  the  building 
to  whicii  uninsulated  wires  were  fastened.  In  most  of  these  instances 
a  grounded  circuit  formed  one  of  the  two  connections  necessary  to 
divert  the  electricity  from  the  wires.  Many  of  the  lower  carbons  fell 
from  lam})s,  and  five  fires  were  caused  where  they  fell  upoji  com- 
bustible material.    Three  fires  were  caused  by  cross  arcs  from  one  wire 
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to  another,  where  uninsulated  wires  were  fastened  against  conductors. 
In  one  instance  the  conductor  was  formed  by  dust  settling  upon  uninsu- 
lated wires,  and  on  a  damp  day  it  absorbed  enough  moisture  to  form  a 
path  for  the  formation  of  a  cross  arc,  which  started  a  slight  fire. 

In  another  instance,  the  w^ires  were  fastened  to  a  damp  beam,  which 
w^as  decayed,  and  was  burned  nearly  in  two  by  the  smouldering  fire. 
And  in  the  third  instance,  damp  brickwork  in  a  tunnel  was  a  sufficient 
•conductor  to  establish  an  arc  which  did  not  do  any  material  damage 
there,  but  injured  the  dynamo.  Other  fires  produced  by  cross  arcs 
.started  by  water,  forming  a  connection  between  two  wires,  have  been 
referred  to. 

In  mv  connection  with  electric  lighting  matters  for  the  Underwriters' 
Union  I  know  of  two  fires  caused  by  improper  switches;  two  by 
"water  reaching  the  wires  of  a  circuit  already  grounded,  and  one  from 
-wires  coming  in  contact  with  a  building,  so  that  their  insulation  was 
worn  away. 

I  believe  that  all  these  fires  should  be  classed  as  avoidable  fires, 
because  the  use  of  well-known  precautions  would  have  anticipated 
their  possibility. 

The  precautions  are  known  only  as  a  matter  of  experience,  because 
there  was  no  source  of  information  stating  the  results  from  electric 
lighting  currents  under  certain  circumstances. 

The  damage  from  these  fires  was  in  each  instance  small,  as  would 
be  expected.  It  is  the  experience  of  the  Boston  Manufacturers' 
Mutual  Fire  Insurance  Company  that  in  mills  three-fourths  of  the 
fires  are  in  the  daytime,  and  three-fourths  of  the  losses  are  in  the  night ; 
so  the  chance  of  loss  in  the  night  is  nine  times  as  great  as  in  the  day. 
During  the  last  two  years  the  introduction  of  automatic  sprinklers 
has  reduced  the  damage  from  night  fires  one-half. 

As  the  electric  lights  are  used  during  working  hours,  these  accidents 
come  under  the  head  of  day  fires.  When  they  have  happened,  there 
has  always  been  a  sufficient  number  of  employes  engaged  on  the  premi- 
ses to  attend  to  the  matter  at  once.  When  electricity  is  diverted  from 
the  svstem,  the  lights  are  correspondingly  diminished,  and  general 
attention  directed  to  the  difficulty. 

Eyre  M.  Shaw,  Captain  of  the  Metropolitan  Fire  Brigade  of  Lon- 
don, when  in  Bo.ston,  during  his  recent  visit  to  America,  stated  to  me 
that  since  the  introduction  of  the  electric  light  there  had  been  about 
one  hundred  fires  in  London  from  this  cause. 
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Electricity  forms  the  safest  method  of  illumination  when  the  follow- 
ing precautions  are  observed:  The  system  insulated  throughout,  sa 
that  there  is  no  electrical  communication  with  the  earth  or  from  one 
part  of  the  apparatus  to  another,  except  through  the  proper  conductors, 
even  if  the  wires  should  be  exposed  to  water.  All  switches  made  with 
a  lapping  connection,  so  that  no  arc  can  be  formed.  Arc  lamps  pro- 
vided with  globes  closed  underneath,  and  the  frame  so  arranged  that 
the  lower  carbon  could  not  fall  out,  even  if  the  clamp  failed  to  hold  it 
securely. 

The  wires  of  incandescent  systems  provided  with  a  sufficient  num- 
ber of  fusible  links  to  secure  the  system  against  any  damage  from  an 
excess  of  current. 

The  carrying  out  of  these  principles  in  every  detail  requires  careful 
work  and  constant  watchfulness. 

Other  features  in  an  electric  lighting  system  are  advisable  to  assure 
the  most  satisfactoiy  operation  of  the  apparatus,  but  they  are  not 
essential  to  secure  safety  against  fire. 

The  insulation  of  a  system  can  be  assured  only  by  frequent  tests.. 
The  best  instrument  for  ordinary  use  is  a  magneto,  M'hich  generates  an 
alternating  current  and  rings  a  bell,  like  the  ordinary  telephone  "calls.'^ 
It  is  used  by  connecting  one  wire  to  the  ground  and  the  other  to  the 
system.  The  presence  of  a  fault  is  indicated  by  the  ringing  of  the 
bell  when  the  magneto  is  put  in  operation.  Means  for  the  systematic 
trial  of  the  insulation  is  relatively  as  important  as  the  use  of  gauge- 
cocks  on  boilers. 

If  an  electric  lighting  system  is  sufficiently  insulated  Avhen  first 
arranged  there  is  no  assurance  that  it  will  remain  so,  on  account  of 
the  numerous  changes,  blunders,  and  accidents  to  Avhich  it  is  subjected, 
Unfortunately  we  are  not  forewarned  of  any  lurking  disarrangement 
of  electric  apparatus  by  means  of  any  of  the  senses,  in  the  same  man- 
ner that  leaking  gas  appeals  to  the  sense  of  smell,  or  as  leaking  steam 
produces  sound  and  vapor. 

When  electric  lights  become  dim  in  rainy  weather  it  is  conclusive 
evidence  of  ground  connections,  which  divert  the  electricity  from  the 
system,  causing  both  commercial  loss  of  electricity  and  great  danger  of 
fire.  Two  contacts  are  necessary  to  divert  electricity  from  an  electric 
lighting  system.  If  one  contact  already  exists  and  connects  it  with 
the  earth,  only  one  more  contact  is  necessary  to  conduct  a  portion  of 
the  electricity  from  the  system. 
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In  such  an  event,  if  the  electricity  meets  with  a  conductor  of  suffi- 
•cientlv  high  resistance,  the  electricity  is  converted  into  heat  sufficient  to 
burn  any  combustible  substance  which  is  present. 

Underwriters  have  two  methods  of  defence  against  a  special  hazard : 
the  one  to  advance  the  rate  to  an  amount  deemed  commensurate  with 
the  increased  danger,  and  the  other  method  consists  in  the  removal  of 
the  source  of  danger. 

With  electric  lighting  the  hazard  is  not  an  inseparable  part  of  the 
isystem,  can  be  obviated  by  the  measures  which  have  been  referred  to, 
which  are  applicable  to  all  systems  of  electric  lighting. 

In  preparing  the  Regulations  for  the  Fire  Underwriters'  Union*  I 
•did  not  ask  for  any  precaution  not  found  by  the  experience  of  accidents 
:and  actual  fires  to  be  essential  to  protect  either  person  or  property. 

*Regulations  of  the  Boston  Fike  Underwriters'  Union  for  the  Use  of 
Electric  Lighting  Apparatus. — Wires. —Conducting  wires  over  buildings  must 
be  seven  feet  above  roofs,  and  also  high  enough  to  avoid  ladders  of  the  Fire  Depart- 
ment. 

•  Whenever  the  electric  light  wires  are  in  proximity  to  other  wires  dead  guard 
■wires  must  be  placed  so  as  to  prevent  any  possibility  of  contact,  in  case  of  accident  to 
the  wires  or  their  supports.  Conducting  wires  must  be  secured  to  insulated  fasten- 
ings, and  covered  with  an  insulation  which  is  water-proof  on  the  outside  and  not 
•easily  worn  by  abrasion.  Whenever  wires  pass  through  walls,  roofs,  floors,  or  parti- 
tions, or  tliere  is  liability  to  abrasion,  or  exposure  to  rats  and  mice,  the  insulation 
must  be  protected  with  lead,  rubber,  stoneware,  or  some  other  satisfactory  material. 
Wires  entering  buildings  must  be  wrapped  so  that  water  cannot  enter  through  the 
tubes. 

For  inside  use,  loops  of  wire  must  be  avoided,  and  the  insulating  fastenings  arranged 
to  keep  the  wires  free  from  contact  with  the  building. 

Joints  in  wires  to  be  securely  made  and  wrapped.  Soldered,  joints  are  desirable, 
but  not  essential.  W^ires  conducting  electricity  for  arc  lights  must  not  approach  each 
other  nearer  than  one  foot,  and  for  incandescent  lamps  the  main  wires  must  not  be 
less  than  two  and  a  half  inches  apart. 

Care  must  be  taken  that  the  wires  are  not  placed  one  above  another  in  such  a 
manner  that  water  could  make  a  cross  connection. 

A.  cut-out  which  can  be  operated  by  the  firemen  or  police  must  be  placed  in  the 
circuit  in  a  well  protected  and  accessible  place. 

Lamps. — For  arc  lamps,  tlie  frames  and  other  exposed  parts  of  the  lamps  must  be 
insulated  from  the  circuit.  Each  lamp  must  be  provided  with  a  separate  hand  switch, 
and  also  with  an  automatic  switch  whicli  will  close  the  circuit  and  put  out  the  light 
whenever  the  carbons  do  not  approach  each  other,  or  tlie  resistance  of  the  lamp 
becomes  excessive  from  any  cause.  The  lamps  must  be  provided  with  some  arrange- 
ment or  device  to  prevent  the  lower  carbons  from  falling  out,  in  case  the  clamp  should 
not  hold  tliem  securely. 

For  inside  use  the  light  must  be  surrounded  by  a  globe,  which  must  rest  in  a  tight 
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The  effects  of  an  electric  liglitiug  current  upon  the  person  bears  no 
relation  to  the  injury  which  that  current  can  do  to  property.  Elec- 
tricity has  the  two  properties  of  quantity  and  tension,  wiiich  are  inde- 
j>endent  of  each  otiier ;  the  heating  effects  are  due  to  tlie  quantity,  and 
the  results  upon  the  person  are  proportional  to  the  tension  of  the  elec- 
tricity. 

However,  the  greater  the  tension,  the  more  liable  is  the  electricity  to 
force  its  way  through  bad  conductors.  The  arc  light  is  produced  by  a 
current  of  high  tension  and  small  quantity  ;  the  incandescent  light  is 
formed  by  a  current  of  low  tension  and  great  quantity. 

Therefore,  in  the  arc  light  system,  the  most  secure  insulation  is 
essential;  but  with  incandescent  lights,  if  the  insulation  were  ineffective, 
there  would  be  more  liability  of  fire.  In  incandescent  lighting  sys- 
tems the  whole  reliance  for  safety  is  not  placed  upon  the  insulation, 
but  small  fusible  links  are  placed  at  various  points  in  the  wires ;  so 
that,  if  the  quantity  of  the  current  exceeds  a  certain  amount,  the  fusi- 


stand,  so  that  no  particles  of  melted  copper  or  heated  carbon  can  escape ;  and  when 
near  combustible  material  tliis  globe  must  be  protected  by  a  wire  netting.  Broken  or 
cracked  globes  must  be  replaced  immediately.  I'nless  a  very  high  globe  is  used, 
which  closes  in  as  far  as  possil)le  at  the  top,  it  must  be  covered  by  some  protector 
reaching  to  a  safe  distance  above  the  light. 

For  incandescent  lamps,  the  conducting  wires  leading  to  each  building  and  to  each 
important  branch  circuit  must  be  provided  with  an  automatic  switch  or  cut-off,  or  its 
equivalent,  capable  of  protecting  the  system  from  any  injury  due  to  an  excessive 
current  of  electricity. 

Tlie  small  wires  leading  to  each  lamp  from  the  main  wires  must  be  very  thoroughly 
insulated,  and  if  separated  or  broken,  no  attemjU  made  join  them  while  the  cur- 
rent is  in  the  main  wires. 

Dynamo  Machine.s. — Dynamo  machines  must  be  located  in  dry  places,  not 
exposed  to  flyings  or  etisily  combustible  material,  and  insulated  upon  wood  founda- 
tions. They  must  be  provided  with  devices  capable  of  controlling  any  changes  in 
the  quantity  of  the  current ;  and,  if  the.se  governors  are  not  automatic,  a  competent 
person  must  be  in  attendance  near  the  machine  whenever  it  is  in  operation. 

J^ach  machine  must  be  used  with  complete  wire  circuit ;  and  connections  of  wires 
with  i>ipes,  or  the  use  of  ground  circuits  in  any  other  method,  is  absolutely  prohibited. 

The  whole  system  must  be  kept  insulated,  and  tested  every  day  for  ground  connec- 
tions at  ample  time  before  lighting  to  remedy  faults  of  insulation,  if  they  are  discov- 
ered. 

Preference  is  given  for  switches  constructed  with  a  hipping  connection,  so  that  no 
electric  arc  can  be  formed  at  the  switch  when  it  is  clianged;  otherwise  the  stands  of 
switches,  where  powerful  currents  are  used,  must  be  made  of  stoneware,  glass,  slate, 
or  some  incombustible  substance  which  will  withstand  tlie  heat  of  the  arc  when  the 
switch  is  changed. 
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ble  link  will  be  melted,  and  cut  off  the  electricity  before  other  damage 
could  ensue. 

Although  these  safety-catches  were  originally  devised  for  the  pur- 
pose of  protecting  the  carbon  filaments  of  incandescent  lamps  from 
destruction  by  extm  currents ;  yet  they  are  essential  to  assure  safety 
against  fire,  and  it  is  the  use  of  these  safety-catches,  and  not  from  the 
fact  that  the  electrical  portions  of  the  sy.-tem  can  be  handled  with  im- 
punity, that  has  given  the  insurance  interests  somewhat  of  a  bias  in 
favor  of  incandescent  lighting. 

Electric  lighting-  should  be  encouraged  on  account  of  its  inherent 
qualities  of  safet}'.  Any  system  that  is  in  conformity  to  the  insurance 
regulations  is  also  in  its  best  condition  electricallv. 

Electricity,  like  all  forms  of  energy,  is  dangerous  to  the  extent  that 
it  is  not  held  in  control.  The  same  is  true  of  steam  in  boilers,  or 
water  in  mill  ponds.  Like  fire,  they  are  all  "  good  servants  but  poor 
masters," 


Electric  Resistance  of  a  Vacuum. — Edlund  after  repeating- 
and  discussing  the  various  experiments  upon  the  non-conductibility  of  a 
vacuum  finds  no  evidence  that  the  obstacle  to  the  passage  of  elec- 
tricity exists  anywhere  except  in  the  electrode.  He  calls  especial  atten- 
tion to  the  resistance  which  HittorfF  pointed  out,  at  the  negative  elec- 
trode, and  which  De  la  Rue  and  Sarasin  also  observed  in  their 
researches  relative  to  the  action  of  magnetism  upon  the  electric  dis- 
charge in  rarefied  gases.  The  proper  resistance  of  the  gas  diminishes 
constantly  with  the  pressiu-e  of  the  gas  until  that  pressure  has 
descended  to  a  small  fraction  of  a  millunetre.  At  the  same  time  the 
resistance  to  the  passage  of  the  currentv^rom  the  gas  to  the  solid  elec- 
trode continually  increases.  Xo  good  reason  has  ever  been  assigned 
for  supposing  that  these  tendencies  change  their  character.  It  is, 
therefore,  most  philosophical  to  conclude  that  a  vacuum  is  a  good 
conductor  of  electricity.  Perhaps  it  would  be  better  to  say  that  elec- 
tric currents  can  be  propagated  -^^nth  so  great  facility  in  a  vacuum  that 
the  notion  of  conductibility  is  deprived  of  all  physical  meaning; 
different  material  bodies  simply  produce  a  resistance  more  or  less  great 
to  the  propagation  of  electricity.  Their  effect  in  this  respect  is  not 
active,  but  pasive. — Mem.  de  V Acad,  de  8ulde.  C. 
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BRICKS  AND  BRICKMAKING  MACHIXI:RY. 


By  Cyrus  Chambers,  Jr. 

f  A  paper  read  at  a  stated  meeting  of  the  Franklin  Institute.  Det^eniber  20,  1882.] 


Brickmaking  is  much  more  of  an  art  than  is  usually  supposed,  and 
one  tiiat  has  perhaps  made  less  progress  than  any  other. 

Bricks  are  made  to-day  in  many  localities  much  after  the  manner  in 
vogue  among  the  Egyptians. 

True,  the  increased  hardships  enforced  by  their  task-masters  induced 
them  to  tr}-  making  bricks  "  without  straw,'''  and  had  it  not  been  for 
this  circumstance  we  might  have  been  making  bricks  with  chop|)ed 
straw  to  this  day. 

Bricks  are  indicative  of  the  character  of  nations.  Show  me  the 
brick  of  a  people,  and  I  ^\•ill  tell  you  much  of  their  habits,  manner  of 
living,  their  climate,  the  burthens  of  their  government,  and  the  shrewd- 
ness with  M-hieh  they  build. 

The  honest  **  Friends  "  of  Philadelphia  make  their  bricks  to  appear 
just  what  they  are.  Their  size  is  convenient  for  handling,  and  the 
building  of  walls  the  full  thickness  specified,  and  they  are  proportioned 
without  a  desire  to  make  each  brick  count  in  heiirht  of  wall  onlv. 

Their  "front"  or  "face-bricks"  are  not  an  inferior  article  painted 
over,  in  imitation  of  something  lietter.  but  the  genuine  article,  of  a 
beautiful  cherry  color,  and  a  surface  texture  of  velvety  softness  that 
does  not  reflect  the  glare  of  the  sun  to  a  painful  degree,  as  do  the 
enameled  and  other  completely  vitrified  surfacetl  bricks.  The  latter 
may  be  profitably  ased  external h*  for  ornamental  purposes  and  inter- 
nally where  cleanliness,  durability,  or  ornament  make  them  desirable. 

"  Philadelphia  press  brick  "  are  unapproachetl  in  richness  of  color, 
softness  of  texture,  uniformity  of  shaj>e,  and  durability,  I  ase  the 
term  "  Phihidelphia  press  brick  "  to  designate  those  made  from  the 
best  of  clay,  impregnated  with  iron,  extending  from  Virginia  through 
Maryland,  Delaware  and  Pennsylvania  into  the  western  jK)rtion  of 
New  Jersey. 

It  is  said  in  some  parts  of  the  United  States  that  a  brick  seven  and 
one-half  inches  long  and  three  and  one-eighth  inches  wide  will  make 
just  as  g»XKl  a  ''nine  inch  wall '"  as  the  Philadelj>hia  size  of  eight  and 
one-half  by  four  inches,  but  I  notice  that  there  is  no  diminution  in  the 
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thickness  of  tlie  bricks,  the  Avay  they  measure  in  height  of  wall.  They 
often  measure  from  one-half  to  five-eighths  of  an  inch  in  thickness 
more  than  ours.  Usually  the  shre^vder  a  people,  the  smaller  and  pro- 
portionately thicker  are  their  bricks,  while  the  less  cultivated  use  those 
of  larger  dimensions,  as  to  length  and  breadth,  but  much  thinner. 

In  parts  of  South  America  the  bricks  are  from  ten  to  twelve  inches 
wide  and  eighteen  to  twenty  inches  in  length,  and  sometimes  only  two 
inches  thick.      Cuban    bricks    are  a  mean   between  these  extremes. 

Where  there  is  an  "  excise  duty  "  upon  bricks  it  exercises  a  great 
influence  on  their  size.  Then  a  thousand,  brick  that  will  build  the 
most  wall  will  command  the  market. 

Tlie  manufacture  of  brick  by  machinery  has  been  a  trying  problem 
to  the  mechanical  engineer. 

Br'ich  clays,  usually  composed  of  but  a  small  percentage  of  alumina 
and  a  very  large  proportion  of  sand,  gravel  and  stones,  etc.,  are  antago- 
nistic to  machinery,  hence  the  short  life  of  most  brick  machines. 

Although  bricks  are  a  common  looking  commodity,  they  must 
possess  certain  qualities,  such  as  ability  to  withstand  the  weather  and 
the  hardshij)&  of  transportation.;  they  must  be  of  the  required  strength, 
must  cut  under  the  trowel,  allow  the  mortar  to  adhere,  absorb  mois- 
ture to  a  certain  degree,  and  withall  be  (iheap.  A  "  front  brick,"  in 
addition  to  the"  above,  must  be  of  good  surface  texture,  uniform  in 
size,  shape  and  of  a  pleasing  and  uniform  color.  To  produce,  by 
machinery,  from  rough,  indifferent  materials,  a  manufactured  article 
possessing  the  above  qualities  is  no  easy  task. 

I  have  labored  faithfully  twenty  years  to  accomplish  this,  and  with 
what  degree  of  success  I  leave  you  to  judge. 

During  the  past  season  there  has  been  mannfiictured  by  our 
machinery  alone,  in  and  near  Philadelphia,  about  fifty  millions  of 
bricks,  at  a  cost  so  far  below  that  of  making  by  hand  that  I  hesitate  to 
state  it,  lest  you  would  think  me  wavering  from  the  truth.  I  have  before 
you  a  working  machine  of  one-fourth  size,  which  we  will  put  in  opera- 
tion, and  I  assure  you  that  I  can,  with  mucii  less  care,  and  greater 
ease,  ])roduce  from  eighty  to  one' hundred  full  sized  bricks  per  minute, 
from  crude  clay,  direct  from  the  bank,  stones  and  all,  than  I  can  these 
little  ones.  Tliis  machine  has  not  been  dreamed  out,  or  stumbled  upon 
by  accident,  but  is  the  result  of  twenty  years  of  study,  close  observa- 
tion, and  many  costly  experiments;  its  parts  are  all  simple,  and 
admirably  adaj)ted  for  working  in  rough  material.    The  parts  that  are 
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subject  to  great  wear  by  the  clay  are  made  of  hard  iron  or  steel, 
fitting  together  Avithout  finish,  and  may  be  i-enewed  at  trifling  cost, 
thus  enabling  the  brickmaker  to  always  keep  the  bricks  of  uniform 
size  and  shape,  and  to  produce  brick  of  as  good  quality  at  the  end  of 
ten  yeai-s  as  when  the  machine  was  new.  This  machine  is  without 
"  moulds"  (in  the  ordinary  acceptance  of  the  term),  has  no  reciprocat- 
ing plungers  to  grind  out,  no  cams  or  toggles  to  wear,  but  its  principal 
movements  are  continuous  and  rotary,  and  move  with  an  ease  and 
rapidity  unprecedented  in  the  history  of  brickmaking  machinery.  The 
general  plan  of  the  machine  for  clays  of  ordinary  qualities  is: 

1st.  A  tempering  or  pugging  device,  by  which  the  clay  is  ground  with 
water  into  a  stiff  plastic  mass. 

2d.  An  expressing  device,  by  which  the  tempered  clay  is  forced  out 
with  great  force — say  with  a  pressure  of  fifty  tons,  on  the  end  of  the 
brick. 

3d.  A  forming  device,  by  which  the  issuing  clay  is  made  to  take  the 
desired  size  and  shape  of  a  brick  in  cross  section,  but  continuous  in 
length. 

4ih.  A  sanding  device,  by  which  the  surface  of  the  issuing  bar  is 
coated  with  fine  sand,  to  improve  the  surface  texture  and  color,  and 
prevent  them  from  sticking  together  in  the  subsequent  operations. 

oth.  A  cutiing-off  device,  by  which  the  issuing  bar  is  severed  into 
uniform  brick  lengths  with  smooth  ends  and  sharp  corners. 

6t/i.  An  off-bearing  apparatus,  by  which  the  daily  product  of  one 
hundred  tons  of  soft  manufactured  material  may  be  carried  five 
hundred  feet,  if  desired,  ready  for  the  further  process  of  drying  and 
burning. 

The  details  of  these  various  operations  can  best  be  understood  from 
the  diagrams  on  the  screen,  and  an  inspection  of  the  operation  of  the 
machine. 

Fig.  1  is  a  prospective  view  of  our  brick  machine  as  erected  for 
working  ordinary  clays,  without  the  use  of  the  stone  extractors  or 
clay  elevators  and  mixers. 

You  sec  how  the  day  is  fed  to  the  machine  direct  from  the  cart  and 
the  water  put  in  with  it. 

Here  it  is  mixed  and  tempered,  then  expressed  by  the  gimlet-pointed 
screw.  The  ronnd  column  of  clay  is  l)rought  up  square  with  an 
excess  of  clay  fbrcetl  into  the  corners;  the  bar  then  passes  througii 
a  chamber,  containing  sand,  and  finally  the  spiral  steel  blade  severs 
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the  bar  into  bricks  with  a  long  drawing  cut,  rubbing  out  its  chip  and 
smoothing  the  end  of  the  brick. 

The  bricks  are  then  off-borfie  to 
the  yard  to  be  loaded  ou  drying  cars 
or  placed  in  the  hacks  for  drying. 
No  sun  drying  is  necessary. 

Fig.  2  is  a  horizontal  sectional 
view  of  the  machine,  showing  the 
tempering  device,  and  the  conical 
expressing  screw.  This  screw  runs 
in  its  steam-jacketed  and  fluted  case, 
which  prevents  the  clay  from  re- 
volving with  the  screw,  but  facilitates 
its  sliding  forward,  whereby  it  is 
"  unscrewed "  from  oif  the  end  of 
the  screw,  and  is  forced  into  the 
forming  die,  when  it  takes  shape  and 
issues  a  "  brick-bar."  ■ 

Fig.  3  represents  the  forming-die 
held  witiiin  the  steam-heated  former 
case,  Plasl  ic  materials,  m  o  v  i  n  g 
under  pressure,  follow  the  laws  of 
fluids. 

The  great  difficulty  heretofore  ex- 
perienced in  machines  expressing 
plastic  materials  has  been  to  make 
the  flowing  mass  move  with  uniform 
velocity  through  all  its  parts.  As 
the  channel  of  a  river  floMs  faster 
than  the  shallow  portions,  or  those 
near  the  banks,  so  does  day  move 
through  a  die,  the  friction  of  the 
corners  holding  them  back,  while 
the  center  moves  more  freely.  I 
overcome  this  difficulty  by  the  pecu- 
liar form  of  the  "  former,"  which 
you  see  is  so  shaped  as  to  facilitate 
the  flow  of  the  day  to  tlie  corners, 
and  retard  it  opposite  to  the  straight 
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Fig.  3. 


sides  of  the  die,  the  projections  being  much  larger  opposite  the  larger 
diameter  of  the  die. 

For  very  wide  and  thin  bricks  we  should  omit  the  resisting  projec- 
tion wholly  at  the  short  diameter  of  the  die,  or  at  the  edge  of  the 
bricks,  but  facilitate  the  spreading  of  the  clay  outward  to  the  edge, 
rather  than  into  the  corners  only. 

Fig.  4  (shown  on  the  screen)  is  the  sanding  device,  the  original 
of  which  was  invented  by  our  foreman,  Wm.  Mendham,  and  possesses 
the  key  to  a  valuable  improvement  in  the  art  of  making  bricks  by 
machinery.     It  has  since  been   improved  by  Sanford  W.  Lasor  and 
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myself,  and  is  the  subject  of  two  patents  issued  and  two  pending.  It 
performs  the  function  of  sanding  a  brick  after  it  has  been  moulded,  a 
thing  never  before  successfully  accomplished  by  machinery. 

Fig.  5  (shown  on  the  screen)  shows  side  elevation  of  the  machine 
arranged  with  the  stone  extracting  rolls,  clay  elevator,  and  clay  mixer 
and  sprinkler,  in  combination  with  the  brickmaking  machine. 

Tliere  are  some  clays  so  tenacious,  that  it  is  with  great  labor  that 
they  are  got  into  shape  to  handle  with  a  shovel,  or  to  soak  with  water, 
and  at  the  same  time  containing  boulders  of  "flint,"  "granite,"  or 
"  limestone,"  the  latter  of  which  is  fatal  to  good  bricks,  if  allowed 
to  go  into  them,  even  if  crushed  to  poAvder.  At  least  twenty-five  per 
cent,  of  the  bricks  made  from  "Chicago  clay"  burst  by  the  slacking 
of  the  lime,  burned  from  the  limestone  moulded  in  the  brick. 

The  conical  ix)l]s  crush  the  lumps  of  clay  and  reject  the  stones — 
ejecting  them  at  the  end  through  a  spout. 

Sometimes  it  is  necessary  to  reduce  the  strength  of  the  clay  by  intro- 
ducing and  mixing  \\\i\\  it  large  quantities  of  sand  and  loam,  or  to 
mix  different  quantities  of  clay. 

This  mixing  device  consists  of  an  annular  pit,  say  ten  feet  in  diam- 
eter, into  which  the  different  materials  are  dumped  direct  from  the 
bank,  or  as  in  this  case,  elevated  from  the  stone  extracting  rolls. 
Water  is  supplied  from  the  perforated  pipe,  carried  around  and  over 
the  clay.  As  the  clay  is  being  sprinkled  these  curved  mixing  arms 
hook  under  the  heaps  of  different  materials,  tumbling  them  over  and 
over,  mixing  them  together  and  gradually  move  the  mixed  and  moist- 
ened mass  into  the  hopper  of  the  brick  machine  proper.  Tiiis  device 
saves  the  labor  of  one  or  two  men,  besides  doing  the  work  mucii  better. 

Fig.  6  (shown  on  the  screen)  shows  a  plan  view  of  this  de\'ice  from 
which  its  operation  can  be  more  readily  understood. 

Fig.  7  (shown  on  the  screen)  shows  what  we  term  a  set  of  compound 
rollers.  These  are  for  working  very  tenacious  clays  in  large  lumps. 
Rolls  of  small  diameter  will  not  take  large  lunij)s  of  hard,  tenacious 
clays,  particularly  if  they  be  wet  on  the  surface,  when  they  become  very 
8lii)pery.  These  large  rolls  run,  say  two  inches  apart,  griping  and 
crushing  tiie  clay  to  that  thickness  and  rejecting  the  larger  stones. 
The  crushed  lumps  fall  into  the  smaller  conical  rolls,  where  the  clay  is 
reduced  to  sheets  or  lumps,  say  half  an  inch  in  diameter,  and  the  stones 
ejected  through  the  spout,  ihe  clay  falling  into  the  brick  machine 
through  the  conical  h<)j)per.     The  rollers  are  made  of  hard   or  chilled 
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iron  iu  the  form  of  shells,  whereby  they  can  be  easily  and  cheaply 
renewed. 

Some  clays  are  so  sticky,  like  tar,  that  they  defile  everything  they 
touch.  Such  clays  cannot  be  worked  in  the  machines  already  des- 
cribed, from  the  fact  that  they  stick  with  such  tenacity  to  the  cut-off 
blade  that  it  tears  tlie  ends  of  the  bricks,  and  clogs  up  the  cut-off 
device.  Such  clays  are  usually  very  smooth  and  free  from  stones, 
gravel,  or  other  foreign  substances,  and  may  be  successfully  manipu- 
lated by  machinery  that  would  be  wholly  impracticable  in  ordinary 
rough  clays. 

Fig.  8  (shown  on  the  screen)  shows  what  we  term  our  "C"  machine. 
It  is  composed  of  the  "  B  "  tempering,  expressing,  and  sanding  device^, 
with  the  automatic  wire  cut-off.  This  is  an  entirely  new  device  only 
very  recently  reduced  to  practice,  and  one  that  bids  fair  to  fill  a  long- 
felt  want.  The  device  is  clearly  shown  by  the  diagram.  The  device 
is  wholly  automatic,  and  runs  without  any  special  care  or  attention. 

Fig.  9  (shown  on  the  screen)  shows  an  embodiment  of  the  leading 
principles  of  the  already  described  machines  B  and  C,  and  is  what  we 
term  our  D  or  Village  machine. 

The  "motive  power"  and  "the  engineer"  are  to  be  found  on  every 
farm,  and  the  machine  is  small,  simple,  and  strong,  easily  managed,  and 
is  designed  to  produce  from  eight  to  ten  thousand  bricks  per  day. 

There  are  no  elements  in  it  not  already  shown,  but  a  combination  of 
those  best  suited  for  a  small,  inexpensive  brick  plant,  and  is  designed 
to  fill  a  great  want,  made  manifest  to  us  by  the  number  of  inquiries 
we  have  had  for  just  such  machinery. 

The  machines  described  as  B  or  C  will  perform  the  work  of  one 
hundred  men  without  machinery — making  ordinary  bricks. 

The  leading  features  of  this  machine  are  applicable  to  many  other 
uses. 

For  instance,  there  is  one  machine  running  in  this  city,  producing 
thirty  thousand  round  cheese  per  day  from  cow's  milk. 

By  compressing  argilacious  iron  ores  it  is  working  a  revolution  in. 
smelting  iron,  incieasing  the  yield  of  the  furnace  at  least  ten 
per  cent.,  improving  the  quality  of  the  iron,  and  rendering  ores,  here- 
tofore thrown  away  as  useless,  the  most  valuable. 

Our  machine  is  now  successfully  compressing  fine  ores  from  the 
great  Cornwall  mines  at  Lebanon,  Pa. 

There  are  on  the  platform  a  few  thousand  minature  bricks,  made  by^ 
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the  machine  now  before  you,  which  are  at  your  disposah  Also,  .some 
specimens  of  rough  bricks,  full  size ;  compressed  iron  ore,  roasted  and 
some  unroasted ;  and  as  a  curiosity,  some  specimens  of  "  Terra  Cotta 
lumber,"  not  made  by  our  machine,  but  which  can  be.  We  will 
undertake  to  produce  joint,  scantling,  cornice,  or  square  savs  logs  at  the 
rate  of  thirty  thou.sand  feet  per  ten  hours. 


EXPERIEXTIAL    PRIXCIPLES  OF   CONTROLLED 
COMBUSTION. 


By  E.  J.  Mali>ett,  .Jr. 

[A  paper  read  at  the  Stated  Meeting  of  the  Franklin  Institute,  held  Oct.  18, 1882.J 


I  shall  confine  the  remarks  which  you  have  kindly  invited  me  to 
make  to  a  consideration  of  the  industrial  consumption  of  fuel  when 
used  in  steam  generators,  and  will  endeavor  to  present  a  new  aspect  of 
the  subject. 

The  cliemical  statics  of  combustion,  tliat  is,  the  laws  governing  the 
cause  of  the  formation  of  certain  resulting  gases,  which  are  the  prod- 
ucts of  combustion,  are  too  well  known  to  be  adverted  to.  The  chem- 
ical dynamics  of  combustion  and  inflammation,  that  is,  the  interme- 
diate cau.ses  brought  into  action  before  the  final  products  of  combus- 
tion escape,  are  less  clearly  understood. 

Even  at  present  no  uniform  opinion  exi.sts  as  to  why  ordinary  illu- 
minating gas,  i.ssuing  from  a  Buiisen  burner,  should  lose  luminosity 
by  the  admixture  of  air  with  the  flame.  The  general  belief  is  that 
air,  gaining  access  to  all  ])arts  of  the  flame,  oxidizes  the  carbon  of  the 
gai<,  thus  destroying  luminosity  by  the  instantaneous  combustion  of  the 
carbon. 

The  fact,  however,  tiiat  if  nitrogen,  carbonic  acid,  or  other  inert  gas, 
instead  of  air,  enters  the  openings  of  a  Bunsen  burner,  tlie  flame  will 
become  non-luminous,  inditates  tiiat  it  is  not  oxidation  that  destroys 
luminosity. 

For  our  purpose  it  is  useless  to  advert  to  the  present  .state  of  know- 
ledge relative  to  the  chemical  dynamics  of  combustion ;  the  vastness 
of  the  subject  would  tire  us.  I  have  endeavored,  after  thought  and 
experiment,  to  arrive  at  some  general  conclusions,  and  to  contribute 
towards   the   elevation  of  industrial    combustion   from  art    to  .scicJico. 
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Possibly  I  should  be  permitted  with  justice  to  enunciate  these  results 
as  experiential  principles. 

If  fuel  energy  could  be  developed  through  combustion  only,  unat- 
tended with  possible  inflammation,  the  problem  of  rendering  such 
combustion  practically  perfect  might  be  readily  solved.  Carbon,  how- 
ever, "when  insufficiently  oxidized,  produces  flaming  carbonic  oxide, 
and,  as  hydro -carbon  fuel  always  evolves  flaming  gases,  it  is  the  com- 
bustion of  these  flaming  gases  that  presents  graver  difficulties  than 
w^ould  arise  if  fuel  was  solely  carbon  capable  of  but  one  combination 
with  oxygen,  namely,  carbonic  acid.  To  create  a  science  of  industrial 
■combustion  of  fuel  we  must  be  able  to  predict  with  certainty  what 
furnflce  devices  shall  be  employed  to  reduce  fuel  waste  to  its  raininuim. 

In  searching  to  remedy  the  admitted  loss  of  fuel,  as  universally 
burned,  my  method  was, 

1st,  to  review  and  study  each  cause  of  fuel  loss ; 

2d,  to  formulate  and  prescribe  certain  principles  or  necessary  and 
possible  conditions  essential  to  perfect  combustion,  and 

3d,  to  construct  mechanical  appliances  which  should  be  subservient 
to  the  {principles  considered  essential. 

I  will,  therefore,  this  evening  treat  our  subject  in  conformity  with 
the  three  classifications  just  mentioned,  and  will  first  refer  to  causes  of 
fuel  waste. 

Coal  gas,  whether  generated  in  a  retort  or  a  furnace,  is  essentially 
the  same.  Again,  strictly  speaking,  it  is  not  inflammable ;  as,  by  itself, 
it  can  neither  produce  flame  nor  permit  the  continuance  of  flame  in 
other  bodies.  A  lighted  taper  introduced  into  a  jar  of  carburetted 
hydrogen  (coal  gas),  so  far  from  inflaming  the  gas,  is  itself  instantly 
extinguished.  Effective  combustion,  for  practical  jmrposes,  is,  in  truth, 
a  question  more  as  regards  the  air  than  the  gas.  Besides,  we  have  no 
■control  over  the  gas,  as  to  quantity,  after  having  thrown  the  coal  on 
the  furnace,  though  we  can  exercise  a  control  over  that  of  the  air,  in 
all  the  essentials  to  perfect  combustion.  It  is  this  which  has  done  so 
much  for  the  perfection  of  the  lamp,  and  may  be  made  equally  avail- 
able for  the  furnace. 

AVith  reference  to  the  mode  of  introducing  the  air,  it  is  not  a  little 
rem;irkab]e  that  many  overlook,  or  even  disi)ute,  the  difference  in  effect, 
when  it  is  introduced  through  one  or  numerous  orifices. 

The  body  of  air,  by  ])assing  through  a  single  aperture,  produces  the 
action  of  a  strong  current,  and  obtains  a  direction  and  velocity  antag- 


Jan.,  1883.]  3IaUett — Controlled  Combustion.  27 

onistic  to  that  lateral  motion  of  its  particles  which  is  the  very  elenieut 
of  diifusiou.  In  this  case,  passing  along  the  flue,  the  stream  of  air 
pursues  its  OAvn  course  at  the  lower  level,  while  the  heated  products 
fill  the  iqyper  one.  It  is  here  evident,  according  to  the  laws  of  motion, 
that  the  two  forces,  acting  in  the  semie  direction,  prevent  the  two  bodies 
impelled  by  them  (the  air  and  the  gas)  from  amalgamating. 

The  appearance  or  non-appearance  of  visible  smoke  is  no  test  either 
for  or  against  the  admission  of  air,  as  to  quantity.  The  consequences 
of  regulating  and  varying  the  quantity  of  air  admitted,  so  as  to  suit 
the  varying  state  of  the  furnace,  as  regards  the  quantity  of  gas  given 
off,  also  deserves  attention.  It  is  quite  certain  that,  to  effect  the  per- 
fect combustion  of  all  the  combustible  gases  producetl  in  a  furnace,  a 
large  demand  for  air  (distinct  from  the  air  entering  the  grate)  always 
exists ;  also  that  by  entirely  excluding  air  smoke  is  produced,  and  the 
heat  diminished  in  all  states  of  the  fire. 

Chimney  draught,  ()])erating  through  the  levity  of  hot  air,  causes  a 
fuel  loss,  varying  with  the  rate  of  combustion,  and  which  may  amount 
in  practice  to  35  per  cent,  of  the  total  heat  produced.  "^ 

A  FIRST  fuel  loss  arises  from  air  entering  the  furnace,  and  absorb- 
ing a  much  larger  amount  of  heat  than  it  gives  back  before  it  passes 
out  of  the  chimney. 

Of  the  two  combustible  constituents  of  coal,  the  carbon  and  the 
hydrogen,  the  former  is  a  solid  and  the  latter  is  a  gas.  When  coal  is 
sufficiently  heated  the  iiydrogen  escajx's  and  the  carbon,  for  the  most 
part,  remains  behind.  This  is  what  occurs  in  a  retort  in  the  manufac- 
ture of  illuminating  gas. 

The  siune  thin";  occui's  to  a  certain  extent  when  a  fresh  charg-e  of 
coal  is  thrown  into  a  furnace.  The  cold  fuel  at  first  chills  the  fire, 
and  after  the  expulsion  of  its  moisture  becomes  hot  enough  to  decom- 
pose and  unite  with  oxygen.  A  most  important  fact  must  liere  be 
observed,  namely,  that  the  carbon  does  not  l)urn  until  after  the  hydro- 
gen. A  fire  box  of  a  furnace  thus  simulates  a  gas  retort,  producing 
volatile  hydrogen,  whi(;h  passes  up  a  l)ig  gas  pipe,  the  chimney,  and  is 
lost  in  space,  unless  we  contrive  to  bring  enough  oxygen  in  contact 
with  it  to  burn  it  before  it  enters  the  chinmey, 

A  SECOND  fuel  loss  is  caused  by  unburnt  hydrogen  and  hydrocar- 
bons distilled  from  the  coal  passing  up  the  chimney  into  space. 

A  THIRD  fuel  loss  arises  from  furnace  suffocation,  or  too  litth'  air. 

A  deficiency  of  air  simply  means  a  ])roduction  of  carbonic  oxide  and 
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loss  of  heat.  It  must  not  be  assumed,  however,  that  it  is  only  all-suf- 
ficient to  admit  a  full  supply  of  air  through  the  grate  of  a  furnace  to 
produce  a  perfect  combustion  of  the  fuel. 

A  Foi'RTH  fuel  loss  is  caused  by  all  the  necessary  air  entering  only 
through  the  ash-pit  of  a  furnace. 

Suppose,  as  is  ahyays  the  case  in  a  firebox,  that  another  stratum  of 
coal  or  carbon  is  above  the  first  tier.  The  carbonic  acid  produced  by 
the  burning  of  the  lower  layer,  in  passing  through  the  superimposed 
layer,  unites  with  more  carbon  and  becomes  converted  into  carbonic 
oxide.  It  is  evident,  therefore,  that  when  coal  is  burning  in  layers 
the  property  possessed  by  carbon  of  uniting  with  carbonic  acid  produces 
the  same  eifect,  in  a  less  degree,  however,  as  if  too  little  air  was  being 
supi)lied. 

If,  however,  this  escaping  carbonic  oxide  could  meet  an  additional 
sup|)ly  of  oxygen  above  the  fuel  it  would  be  burned  and  pass  off  as 
carbonic  acid. 

Although  carbonic  oxide  will  burn  when  mixed  with  air  and  pro- 
duce heat,  this  can  only  occur  at  a  certain  temjierature ;  if,  therefore^ 
cold  air  comes  in  contact  with  carbonic  oxide,  escaping  above  the  fuel, 
it  will  mix  with  it  without  inflaming  it,  consequently, 

A  FIFTH  fuel  loss  arises  from  the  admittance  of  air  above  the  fuel 
at  a  temperature  below  the  burning  point  of  the  escaping  carbonic 
oxide. 

The  supply  of  air  to  fuel  must  be  divided  into  two  volumes,  one  to 
maintain  the  combustion  of  the  solid  fuel  and  the  other  to  burn  not 
only  the  carbonic  oxide  passing  off'  the  surface  of  incandescent  fuel, 
but  also  to  ignite  the  gases  produced  from  the  hydrogen  of  the  fuel. 

As  a  fresh  charge  of  coal  cools  a  fire,  and  as  cold  air  entering 
beneath  a  grate  is  also  a  cooling  agency,  it  is  evident  that  at  the 
moment  a  fresh  charge  of  coal  enters  a  furnace  the  proportion  of 
air  entering  beneath  and  above  the  grate  should  be  changed.  More 
air  should  enter  above  the  fuel  to  burn  the  rapidly  forming  gases,  and 
less  should  enter  through  the  grate,  because  less  is  required,  and  a 
diminished  supply  will  prevent  the  cooling  of  the  fire. 

A  SIXTH  fuel  loss,  therefore,  arises  from  unvarying  volumes  of  air 
entering  beneath  and  above  the  fuel. 

As  the  volume  of  air  entering  a  furnace  in  a  given  time  depends 
upon  the  velocity  with  which  it  travels  it  is  evident  that 

A  SEVENTH  fuel  loss  is  caused  by  the  existing  adequate  means  of 
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regulating  the  amount  of  air  entering  a  furnace,  owing  to  its  variable 
velocity. 

It  is  therefore  necessary  to  knoAV  the  rate  of  a  current  of  air  -when 
entering  a  furnace  before  we  can  decide  on  the  necessary  area  for  its 
admission.  As  the  furnaces  in  use  operate  with  open  ash-pit,  an 
attempt  is  made  to  make  the  grate-bars  answer  for  dampers.  That  is, 
so  many  square  inches  of  area  of  aperture  between  the  grate-bars  is 
allowed  for  so  many  square  feet  of  grate  surfiice. 

If,  for  exami)le,  six  square  inches  of  opening  is  allowed  for  each 
square  foot  of  grate  surface,  with  air  moving  at  six  feet  a  second,  the 
same  amount  of  air  moving  at  forty  feet  a  second  Avould  enter  one 
square  inch  of  opening.  Therefore,  without  knowing  the  velocity  of 
the  air,  no  regulation  of  air  can  be  made  by  the  grate  openings.  In 
practice,  the  importance  of  knowing  how  much  air  enters  between 
grates  is  entirely  ignored. 

The  velocity  of  air  entering  a  furnace  by  chimney  draft  varies  with 
the  heat  of  the  fire,  therefore  when  a  fresh  and  cold  charge  of  fuel  is 
thrown  into  a  furnace  the  draft  diminishes  at  tiie  exact  time  when 
more  air  is  required  to  burn  gases  and  prevent  smoke. 

An  EIGHTH  fuel  loss  arises  from  the  admission  of  air  to  furnaces  in 
bulky  instead  of  divided  currents. 

It  is  obvious  that  air  entering  the  ash-pit  becomes  thoroughly  sub- 
divided in  passing  upwards  through  the  grates,  but  this  does  not  obtain 
with  air  introduced  above  the  fuel,  unless  special  provision  is  made. 

The  necessity  of  having  hot  air  in  fine  currents  to  complete  the  com- 
bustion of  fuel  gases  indicates  the  serious  objection  of  permitting  air  to 
«nter  through  the  furnace  door  opening,  or  even  through  the  door 
itself.  If  we  carefully  consider  that  for  the  combustion  of  fuel  gases 
the  desideratum  is  to  have  the  necessary  oxygen  at  the  right  place  at 
the  right  moment,  it  is  evident  that  any  air  entering  beneath  the  bars 
or  through  the  door  is  necessarily  a  little  in  arrear  of  the  gases  to  be 
burned  in  the  combustion  chamber  of  a  furnace. 

Although  the  entering  air  may  move  with  the  same  velocity  as  the 
unconsumed  gases,  it  connot  catch  up  with  them,  because  the  start  is 
uneven. 

A  NINTH  fuel  loss  consequently  arises  from  the  admission  of  air  for 
the  combustion  of  fuel  gases  at  any  point  except  just  where  it  was 
wanted  at  the  moment,  namely,  in  the  hottest  part  of  the  combustion 
chamber. 
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A  TENTH  cause  of  fuel  loss  is  the  cooling  effect  of  heat-absorbing- 
surfaces  in  proxiunty  to  the  burning  fuel,  and  the  sequel  to  this  is 

An  ELEVENTH  cause  of  fuel  h:>ss,  arising  from  lack  of  capacity  of 
the  combustion  chamber  to  burn  fuel  gases  before  they  are  forced 
through  a  steam  boiler. 

The  dilution  of  oxygen  by  nitrogen  in  our  air  is  very  nicely  suited 
to  industrial  combustion  ;  if,  by  further  dilution,  the  amount  of  oxygen 
in  a  cubic  foot  of  air  becouies  decreased,  the  rate  of  combustion  dimin- 
ishes. After  a  certain  dilution,  combustion  cannot  be  maintained  at 
all.  It  follows,  therefore,  that  every  additional  volume  of  steam  or 
other  non-sup|)orter  of  combustion  which  gains  access  to  the  combus- 
tion chamber  of  a  furnace  interferes  with  combustion.     Therefore 

A  TWELFTH  fuel  loss  ariscs  from  steam,  in  addition  to  the  air  neces- 
sary for  combustion,  gaining  acccess  to  the  combustion  chamber  of 
furnaces. 

A  THIRTEENTH  fucl  loss  arises  from  the  escape  of  carbonic  oxide 
and  smoke. 

When  smoke  is  once  produced  in  a  furnace  it  is  as  impossible  to 
burn  it  or  convert  it  to  heating  purposes  as  it  would  be  to  convert  the 
smoke  issuing  from  the  flame  of  a  candle  to  the  purposes  of  steam  and 
light. 

The  presence  of  smoke  being  noticeable  no  test  other  than  the  eye  is 
required.  Carbonic  oxide,  however,  is  invisible  and  inodorous,  and 
must  be  sought  for  by  other  means. 

!&>T^  Again,  the  presence  of  free  oxy- 

gen in  the  gases  of   combustion 
indicates  that  more  air  than  ne- 
cessary is  being   supplied  to  the 
furnace.     In  order  to  readily  de- 
tect the  presence    or    absence   of 
these  gases  in  furnace  2)roducts  I 
constructed  an  apparatus  called  a 
differential     furnace     gas     meter 
which  records  on  a  dial  the  per 
cent,  in  volume  of  any  gas  exist- 
ing in  escaping  flue  products. 
Fig.  1  represents  two  gas-holder  tanks,  in  which  two  cylinders  of 
equal  capacity  are  counterpoised.     Geared  to  each  cylinder  is  a  sepa- 
rate index-needle,  which  is  caused  to  revolve  around  the  dial  by  the 
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upward  or  downward  motion  of  the  cvlindor.  Between  the  cylinders 
is  a  glass  receptacle  in  which  any  gas-absorbing  material  can  be  placed. 
When  it  is  desired  to  test  furnace  gases  a  small  pij)e  introduced  inta 
the  furnace  flue  permits  the  gases  of  combustion  to  enter  one  of  the 
cylindei-s  by  aspiration,  when  the  cylinder  is  caused  to  ascend.  Now, 
while  the  cylinder  is  at  its  greatest  height,  the  corres|)onding  cylinder 
rests  within  the  tank  entirely  filled  with  water.  If,  now,  the  first 
cylinder  is  caused  to  descend  by  being  weighted  and  the  induction  pipe 
is  closed,  while  the  pipe  leading  to  the  intermediate  glass  vessel  is 
opened — the  gases  contained  in  the  first  cylinder  being  expelled,  pass 
through  the  absorber  into  the  second  cylinder,  which  in'turn  begins 
to  rise. 

As  both  cylinders  are  of  exactly  the  same  capacity,  the  one  descends 
proportionately  as  the  other  ascends.  If,  however,  any  of  the  gases 
passing  through  the  absorber  are  taken  up,  it  is  evident  that  the  ascend- 
ing cylinder  will  not  rise  as  rapidly  as  the  firet  cylinder  descends.  As 
each  index  needle  is  geared  independently  to  each  cylinder,  any  ditfer- 
ence  of  motion  in  the  cylinders  is  registered  on  the  dial ;  and  the 
divergence  between  the  two  needles,  when  the  descending  cylinder  has 
reached  the  bottom  of  the  tank,  indicates  the  percent,  of  gas  which  has 
been  absorbed,  and,  consequently,  the  amount  present  in  the  gases  is 
thus  analyzed.  This  apparatus  diminishes  the  risk  of  error  to  the 
minimum,  owing  to  the  large  capacity  of  the  cylinders,  each  holding 
eight  hundred  cubic  inches.  The  apparatus  was  invented  for  the 
purpose  of  verifying  the  results  which  were  anticipated  would  be  pro- 
duced by  the  system  of  "  Controlled  Combustion." 

The  "  Experiential  Principles,"  which  may  be  reduccxl  to  twelve, 
naturally  do  not  embrace  all  the  necessary  conditions  of  combustion. 

I.  Hydrocarbon  fuel  tends  to  burn  with  less  carbonic  oxide  and 
smoke,  proportionately  as  its  environing  atmosphere  diminishes  in 
tension. 

II.  Hydrocarbon  fuel  tends  to  evolve  carl)onic  oxide  and  smoke,  if 
burned  in  a  furnace,  until  the  temperature  of  the  fuel  reaches  a  cer- 
tain elevation. 

III.  The  tension  of  fuel  gases  within  a  furnace  is  never  less  than 
that  pro<luced  by  the  burning  of  the  fuel  itself  by  natural  draft,  and 
is  never  sufficiently  low,  when  compared  with  the  rate  of  combustion, 
to  prevent  the  origination  of  smoke. 

IV.  What  was  consi<lercd  probable  by  Rankine,  Peclet  and  others 
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is  demonstrated  in  ''Controlled  Combustion,"  namely,  that  air  for 
dilution  in  furnace  combustion  would  be  rendered  unnecessary,  provid- 
ing chimney  draft  could  be  dispensed  with,  and  providing  also  that 
without  such  draft  a  supply  of  sufficiently  heated  air,  in  divided  cur- 
rents, could  enter  the  combustion  chamber  in  regulable  quantities. 

V.  To  maintain  an  atmosphere  of  the  desired  tension  within  a  fire- 
box, an  air  exhauster  must  sujiplant  the  chimney,  and  the  influx  of 
air  into  the  ash  pit  must  be  throttled. 

VI.  When  combustion  is  urged  by  a  blast  fan,  causing  furnace  air 
tension  to  be  greater  than  normal  barometric  pressure,  both  physical 
and  chemical  actions  result,  differing  from  those  created  by  a  draft  or 
fine  fan,  incompatible  with  perfect  combustion. 

VII.  Hydrocarbon  fuel,  freshly  charged  into  a  furnace,  must  not 
be  supplied  with  air  to  initiate  its  burning  until  the  temperature  of  the 
fuel  is  sufficiently  elevated ;  i.  e.,  the  fuel  must  begin  to  distil  before 
it  begins  to  burn. 

VIII.  To  compel  a  rapid  and  intimate  mixture  of  hot  air  with 
-combustible  fuel  gases,  generated  within  a  boiler  fire  box,  these  ga.ses 
must  not  be  allowed  to  ascend  or  envelope  the  boiler  until  after  they 
«nter  the  combustion  chamber  through  channels  in  close  proximity  to 
those  conducting  fresh  heated  air  into  the  combustion  chamber. 

IX.  The  heat  from  escaping  furnace  gases,  after  leaving  a  steam 
boiler,  is  more  completely  radiated  for  additional  heating  and  boiling 
■of  water,  if  such  gases  are  rendered  athermous  by  being  kept  at  their 
<3ew  point. 

X.  It  is  possible,  in  practice,  to  superheat  all  the  feed  water  required 
by  a  steam  generator,  from  the  waste  heat  of  escaping  gases,  to  a  tem- 
perature equal  to  that  of  the  water  within  the  generator,  and  also  to 
supply  a  portion  of  the  feed  in  the  form  of  steam. 

XI.  The  potential  power  of  a  steam  generator  may  be  increased  to 
a  hitherto  greater  limit  without  diminishing  the  economic  result 

XII.  To  burn  fuel  rapidly,  without  creating  a  too  high  localized 
temperature,  it  should  not  be  supplied  with  sufficient  air  to  burn  it  at 
once  to  carbonic  acid  only,  but  considerable  carbonic  oxide  should  be 
produced,  to  be  afterwards  burned  in  the  combustion  chamber. 

The  application  of  these  experiential  principles  in  "  Controlled 
Combustion  "  is  effected  by  the  following  mechanical  devices.  With 
reference  to  the  First  Principle,  it  is  known  that  as  air  becomes 
compressed  it  more  nearly  approaches  the  solid  condition,  and  as  its 
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tension  is  decreased,  so  in  direct  proportion  is  its  molecular  mobility 
increased.  An  alcohol  flame,  which  burns  almost  invisibly,  is  ren- 
dered quite  luminous  if  burned  in  an  atmos])here  much  al)Ove  normal 
barometric  pressure,  and  by  a  continual  compression  of  the  air  the 
flame  becomes  smoky.  Conversely,  a  candle  flame  burns  almost  invi- 
sibly at  great  altitudes.  AVhen  by  air  compression  its  molecular  mobi- 
lity is  increased,  it  penetrates  a  flame  less  rapidly  than  air  of  less  ten- 
sion. Smoke  and  carbonic  oxide  tend  to  originate  whenever  the 
atmosphere  in  wiiich  a  hydrocarbon  fuel  is  burning  is  not  sufficiently 
mobile  to  rapidly  penetrate  flame  and  oxidize  the  carbon  before  it 
escapes.  Part  of  the  equipment  required  with  "  Controlled  Combus- 
tion "  consists  of  a  register  which  can  completely  close  the  openings 
in  the  door  of  the  ash  pit,  as  represented  in  Fig.  2.  When  bitumi- 
nous coal  is  first  thrown  into  the  furnace  the  temperature  of  the  fuel 
must  become  elevated  before  the  fuel  is  permitte<l  to  burn,  as  set  forth" 
in  Principle  A"II.  To  this  end  the  lever  shown  in  Fig.  o,  and  actu- 
ating the  ash  ])it  opening,  is  caused  to  completely  close  it.  Now,  as 
the  flue  fan  (see  same  Fig.)  is  at  all  times  exhausting  the  furnace 
gases,  and  as  no  air  can  enter  the  ash  pit,  the  fresh  fuel  cjinnot  burn, 
but  merely  begins  to  distil  as  it  would  in  a  gas  retort.  After  the 
temperature  of  the  fuel  Ls  sufficiently  high  its  burning  is  allowed  to 
begin  by  the  admittance  of  air  through  tiie  ash  pit.  As,  however,  the 
air  gaining  access  to  the  fire  box  through  the  ash  f)it  is  throttled,  the 
atmosphere  within  the  fire  box  is  kept  at  a  lower  tension  than  is  possi- 
ble with  chimney  draft.  By  this  means  the  coal  burns  without  origi- 
nating carbonic  oxide  and  smoke,  and  the  demands  of  Principles  I,  II 
and  VII  are  responded  to. 

Tlie  "  Experiential  Principles  "  formulate,  as  it  is  believed,  absolute 
conditions  demanded  for  a  j)erfect  combustion  of  fuel  and  a  greater 
utilization  of  the  heat  of  escaping  gases,  and,  as  practice  fully  sustains 
the  ideas  advanced,  force  is  given  to  the  following  statement,  namely  : 

That  it  is  impossible  to  burn  by  hydrocarbons,  cither  in  a  furnace, 
a  lamp  or  gas  burner,  without  the  j)roduction  of  carbonic  oxide  and 
smoke,  unless  more  air  environs  and  dilutes  them  than  is  theoretically 
required  for  their  combustion,  and  that  proportionately  as  the  density 
of  the  environing  atmosphere  decreases,  within  limits,  so  will  the 
amount  of  air  required  to  burn  fuel  without  smoke  diminish  and 
approach  nearer  to  the  amount  theoretically  required  for  a  perfect  com- 
bustion. If  it  were  possible  by  any  device  to  only  mix  the  tlieoreti- 
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cal  amount  of  hot  air  with  sufficient  rapidity  and  intimacy  with  fuel 
in  a  furnace,  it  is  obvious  that  no  carbon  could  escape  oxidation ;  as, 
however,  this  is  as  yet  practically  unattainable,  we  must  either  use  a 
surplus  amount  of  air  required  theoretically,  and  thereby  produce 
waste,  or  endow  air  w^ith  greater  molecular  mobility  by  reducing  its 
density,  and  thus  favor  its  mixing  capacity. 

With  reference  to  Principle  III,  it  should  be  appreciated  that  the 
tension  of  furnace  gases  depends  upon  the  rate  at  which  the  fuel  is 
burned. 

It  therefore  follows  that  the  tension  is  limited  and  uncontrollable. 
If  we  attempt  to  prevent  carbonic  oxide  and  smoke  by  lessening  the 
air  tension,  then  we  must  increase  the  rate  of  combustion.  What  is 
required,  however,  is  to  lessen  the  tension  in  a  greater  ratio  than  is 
possible  by  increasing  the  rate  of  combustion.  It  is  obvious  that  natu- 
ral or  chimney  draft,  i.  e.,  draft  produced  by  the  fuel  itself,  depending 
as  it  does  upon  the  rate  of  combustion,  can  only  be  increased  at  a  fixed 
ratio. 

To  enforce  the  requirements  of  Principles  IV  and  V,  chimney  draft 
is  entirely  dispensed  with  in  "Controlled  Combustion,"  being  replaced 
by  mechanical  di'affc.  A  suction  fan,  as  represented  in  Fig.  2,  is 
employed,  requiring  a  power  to  actuate  it  amounting  to  about  three 
per  cent,  of  the  total  fuel  power. 

Although  various  methods  have  been  adopted  to  introduce  hot  air 
in  subdivided  currents  into  a  combustion  chamber,  experience  has 
shown  that  such  air  never  really  reached  a  sufficiently  high  tempera- 
ture. In  the  present  system  tubular  grate  bars  are  employed,  open  at 
both  ends.  The  boiler  front  is  perforated,  as  shown  in  Fig.  2,  such 
perforations  being  coincident  with  the  front  opening  of  the  grate  bars. 
The  rear  end  of  the  bars  passes  through  an  iron  box  within  the  bridge 
wall,  or  rather  septum  wall,  as  shown  in  the  furnace.  Fig.  3. 

As  the  air  openings  to  the  ash  pit  can  be  throttled,  the  air  necessary 
for  the  combustion  of  the  fuel  gases  can  be  compelled  to  pass  through 
the  tubular  grate  bars,  and  thus  enter  the  combustion  chamber  in 
divided  currents  of  a  high  temperature. 

As  it  is  necessary  to  regulate  the  air  entering  the  ash  pit  simultane- 
ously with  that  passing  through  the  grate  bars,  the  lever  is  made  by 
one  motion  to  actuate  the  air  resistors  of  the  grate  bars,  and  also  the 
ash  pit  door  registers. 

With   reference  to   Principle  V,  it  may  be  stated  that  although  an 
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.-air  exhauster  diminishes  the  tension  of  fuel  gases  in  the  fire  box,  still, 
if  the  influx  of  air  through  the  ash  pit  is  not  properly  regulated,  a 
sufficiently  low  air  tension  will  not  result. 

With  respect  to  Principle  VI,  it  should  be  noted  that  if  air  is  sup- 
plied to  a  furnace  by  a  blast  fan  it  is  obvious  that  the  air  pressure 
•within  the  fire  box  is  greater  instead  of  less  than  normal  barometric 
pressure.  The  physical  result  of  forced  air  is  to  cause  the  flame  from 
the  fuel  to  tend  to  rise  at  right  angles  to  a  grate  surface,  and  to  impinge 
-directly  upon  that  part  of  the  boiler  situated  directly  over  the  fire 
hon.  The  chemical  result  of  hydrocarbon  fuel,  burning  in  an  atmos- 
phere of  greater  or  less  tension  than  the  normal,  has  already  been 
:adverted  to. 

There  are  two  causes  that  produce  the  liberation  of  carbon  from 
fuel  in  an  unoxidized  condition,  i.  e.,  as  smoke,  namely,  a  low  temper- 
-ature  of  the  fuel,  and  an  insufficiently  low  air  tension  within  the  fire 
box.  To  respond  to  the  demands  of  Principle  VII,  a  fresh  charge 
•of  bituminous  coal  is  not  allowed  to  burn  when  first  thrown  into  the 
£re  box.  At  this  time  the  lever  is  caused  to  close  the  air  openings  of 
ihe  ash  pit.  The  fresh  fuel,  from  the  heat  derived  from  the  already 
incandescent  fuel,  begins  to  distil,  and  the  chemical  actions  resulting 
in  a  gas  retort  are  simulated.  The  draft  fan,  inducing  powerful  cur- 
rents of  air  to  enter  the  combustion  chamber  through  the  hollow  bars, 
permits  the  fuel  gases  distilled  from  the  fuel  to  be  burned.  After  a 
•certain  lapse  of  time,  depending  on  the  grade  of  fuel,  tlie  ash  pit  air 
registers  are  opened,  whereby  a  real  burning  of  the  fuel  IxBgins. 

Principle  VIII  indicates  that  although  every  possible  provision 
imay  be  made  for  the  admittance  of  hot  air,  in  divided  currents,  into 
the  combustion  chamber  of  a  furnace,  an  imperfect  admixture  of  the  air 
results  unless  special  provision  is  made  to  prevent  the  unconsumed 
:gases  from  rising  upwards,  and  thus  get  cooled  before  they  come  in 
^jontact  with  the  air  necessary  for  their  combustion. 

To  this  end  the  furnace  in  the  present  system  is  divided  bv  a  sep- 
tum wall  into  the  fire  box  proper  and  the  combustion  chamber,  as 
shown  in  the  sectional  views.  Figs.  3  and  4. 

As  the  openings  of  the  sci)tum  wall,  through  Mhicli  flame  and 
unignited  fuel  gases  pass,  are  only  slightly  above  the  rear  openings  of 
the  hollow  grate  bars  through  which  fresh  hot  air  is  flowing,  a  rapid 
and  intimate  mixture  of  gases  and  air  results. 

We  are  indebted  to  the  interesting  experiments  of  Professor  Tyn- 
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dall  (see  "  Heat  as  a  Mode  of  Motion  "),  which  show  how  air  entirely 
freed  of  moisture  permits  radiant  heat  to  pass  through  it  without 
absorbing  any  of  such  lieat ;  and,  conversely,  how  air  saturatud  with 
moisture  is  a  rapid  absorbent  of  radiant  heat.  Tyndall  also  shows 
that  in  proportion  as  the  radiant  heat  absorbing  power  of  moist  air 
increases  is  its  power  to  radiate  its  own  heat  increased.  It  should  be 
remembered,  also,  that  moist  air  conducts  and  convects  heat  with  infi- 
nitely greater  facility  than  dry  air. 

Now,  as  fuel  gases  obey  the  same  law,  it  is  obvious  that  in  order  to- 
compel  them  to  radiate,  conduct  and  convect  their  heat  with  the 
utmost  rapidity  they  should  be  saturated  with  moisture  and  be  main- 
tained at  their  dew  point.  Air  rendered  by  moisture  opaque  to  radiant 
heat  is  in  an  "athermous"  condition.  As  fuel  gases,  after  having 
imparted  say  seventy  ])er  cent,  of  their  heat  to  a  steam  boiler  cannot 
liberate  the  balance  with  equal  facility,  owing  to  their  reduced  temper- 
ature, the  process  of  moistening  such  gases  is  resorted  to  in  "  Con- 
trolled Combustion." 

In  practice,  such  escaping  fuel  gases,  before  they  are  drawn  through. 
the  fan  to  be  delivered  into  space,  pass  through  what  is  termed  an 
"Athermous  Superheater." 

This  appliance,  represented  in  Fig.  2,  consists  of  an  air-tight  case,, 
containing  iron  pipe  of  any  desired  amount.  The  gases,  just  previous 
to  entering  the  superheater,  are  moistened  to  saturation  by  the  water 
spray  shown  in  the  same  figure.  The  exhaust  steam  from  the  engine 
that  actuates  the  fan,  together  with  the  water  spray,  maintains  the  air 
at  its  dew  point,  which  is  evidenced  by  the  constant  dropping  of  water 
from  the  pipe  seen  to  project  from  the  side  of  the  superheater  near  its 
base. 

The  effect  of  this  is  to  cause  the  escaping  gases  to  be  cooled  down 
to  a  lower  temperature  than  has  been  hitherto  possible.  The  amount 
of  water  supplied  by  this  spray  is  quite  an  insignificant  quantity. 

The  superheater  effectually  fulfills  the  requirements  of  Principles  X 
and  XI.  It  is  most  desirable  to  heat  feed  water  to  as  high  a  temper- 
ature as  possible,  each  100°  Fahr.  being  equivalent  to  about  ten  per 
cent,  saving  of  fuel.  The  "Athermous  Superheater  "  receives  the  cold 
water  supply  from  a  pumj)  at  the  base  of  the  packed  tubes.  The 
water  here  enters  a  manifold,  and  distributes  itself  through  the  layers 
of  pipe,  passijig  in  an  u]nvard  course.  The  moistened  heated  gases- 
enter  the  superheater  at  the  top,  and  pass  between  the  piping  which 
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is  at  right  angles  "to  the  current  of  gases,  and  then  enter  the  exhaust 
fan. 

The  upper  manifold  of  the  superheater  connects  with  what  is  termed 
a  "  Separator,"  which  consists  of  a  steam-tight  cylinder,  into  which 
the  superheated  water  separates  into  steam,  which  enters  the  steam 
space  of  the  boiler,  and  boiling  water,  which  is  forced  into  the  feed 
water  pipe  of  the  boiler.  The  ''  Separator  "  is  seen  in  Fig.  2,  placed 
between  the  superheater  and  the  boiler.  As  the  superheater  is,  in  fact, 
an  auxiliary  steam  generator,  it  is  provided  with  a  steam  gauge,  the 
pressure  of  which  is  always  slightly  above  that  of  the  steam  boiler 
itself.  The  feed  water,  before  entering  the  boiler,  becomes  heated  to 
the  same  temperature  as  the  water  within  the  boiler,  and,  as  a  part  of 
the  feed  enters  the  boiler  as  steam,  a  great  saving  of  fuel  is  realized. 

The  facility  with  which  furnace  gases  kt  their  dew  point  are  made 
to  part  with  their  heat  permits  of  a  rapid  rate  of  combustion  without 
a  corresponding  loss.  It  is  thus  that  what  is  said  in  Principle  XI, 
relative  to  the  potential  ])Ower  of  boilers,  becomes  realized. 

The  question  of  localized  temperature  is  an  important  one  when 
fuel  is  being  rapidly  burned  under  a  steam  generator.  Principle  XII 
indicates  that  the  fuel  should  in  part  be  burned  in  stages.  If  more 
than  twelve  pounds  of  air  to  the  the  pound  of  fuel  enters  a  furnace, 
the  temperature  will  be  less  than  with  just  the  theoretical  amount; 
and  if  less  air  than  is  required  for  the  perfect  transformation  of  the 
fuel  into  carbonic  acid  enters  the  furnace,  this  will  also  produce  a 
lower  temperature  of  combustion.  What  is  required,  therefore,  is  to 
supply  fuel  with  as  nearly  twelve  pounds  of  air  as  possible,  and  to 
divide  the  weight  of  air  between  the  fuel  and  the  fuel  gases,  so  that 
while,  for  example,  eight  pounds  of  air  is  supplied  through  the  ash 
pit,  the  remaining  four  pounds  will  enter  the  combustion  chamber. 
Thus  the  fuel  does  not  receive  enough  air  to  entirely  burn  it  to  car- 
bonic acid,  whereby  a  too  intense  localized  temperature  would  result, 
but  a  supply  so  gauged  as  to  produce  considerable  carbonic  oxide,  to 
be  afterwards  consumed  by  the  air  entering  the  combustion  chamber. 
In  the  present  practice  under  consideration  this  is  what  is  undertaken. 
Tlie  air  registers  in  the  ash  pit  throttle  the  supply  from  that  quarter, 
and  the  hollow  bars  admit  air  into  the  combustion  chamber  to  make 
up  for  the  deficiency. 

The  saving  of  fuel  in  "  Controlled  Combustion "  originates  from 
three  distinct  sources : 
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1st,  A  pi'actically  perfect  combustion. 

2d.  A  utilization  of  heat  from  furnace  gases  hitherto  allowed  to 
escape. 

3d.  A  use  of  cheap  fuel,  such  as  anthracite,  buckwheat  or  dust,  or- 
bituminous  dust,  permissible  by  the  increased  draft. 

The  equipment  for  the  system  of  "  Controlled  Combustion  "  can  be 
applied  to  the  existing  forms  of  locomotive,  marine,  and  stationary 
boilei"s.  Fig.  5  illustrates  the  exterior  of  a  locomotive.  It  will  be 
noticed  that  the  smoke  funnel  is  dispensed  with.  The  invisible  pro- 
ducts of  combustion  escape  through  an  opening  on  the  periphery  of 
the  extended  boiler  casing,  not  shown  in  the  engraving.  The  exhaust 
nozzles  are  not  used,  the  draft  being  produced  by  the  exhaust  fan, 
shown  within  the  boiler  casing  in  Fig.  4.  By  this  plan  a  powerful 
draft  can  be  produced,  even  when  the  locomotive  is  at  rest,  by  the- 
small  engine  which  actuates  the  fan.  The  engines  of  the  locomotive 
are  relieved  from  the  back  pressure  caused  by  exhausting  steam 
through  the  nozzles,  and  the  resonant  noise  is  avoided.  The  exhaust 
steam  is  delivered  through  the  pipe  seen  along  the  side  of  the  loco- 
motive, from  whence  it  passes  into  the  exhausting  compartments  of 
of  the  tender,  to  be  described. 

Fig.  4  represents  the  interior  view  of  the  boiler,  where  the  fire  box 
is  seen  to  be  separated  from  the  combustion  chamber  by  a  fire-brick 
division  or  septum,  as  already  alluded  to. 

The  tender  is  divided  into  three  compartments.  The  upper  one  is 
the  receptacle  for  the  fresh  water ;  the  middle  one  contains  copper 
tubes,  communicating  with  the  external  air  in  front,  and  with  a  suc- 
tion fan  in  the  rear.  The  exhaust  steam  circulates  around  the  upper  ■ 
tubes,  and  becomes  in  part  condensed,  the  resulting  hot  water  falling 
into  the  lower  compartments.  The  uncondensed  steam  then  comes  in 
contact  with  a  spray  of  water  falling  from  the  upper  compartment,, 
and  the  condensed  water  also  enters  the  lower  compartment,  from 
whence  hot  water  is  pumped  into  the  boiler. 

The  air  used  to  condense  the  steam  is  employed  for  heating  and 
VENTILATING  CARS,  being  delivered  through  a  conduit,  which,  with 
coupled  ends,  passes  beneath  the  cars.  Three  registers  in  the  floor  of 
the  car  admit  the  heated  air.  This  system  does  away  with  coal  stoves 
or  heaters,  and  supplies  the  car  with  fresh  air  and  warm  air. 

Figs.  2  and  3  represent  the  equipment  for  stationary  boilers,  already 
described.     The  lever  is  seen  to  actuate  both  the  ash  pit,  air  registers  • 
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and  those  controlling  the  air  passages  through  the  tubular  bars.  The 
Athermous  Superheater,  seen  on  the  right  of  the  boiler,  superheats  the 
feed  water,  and  then,  by  means  of  a  Separator,  seen  between  the  super- 
heater and  the  boiler,  together  with  some  steam,  passes  into  the  steam 
space  and  water  space  of  the  boiler.  The  exhaust  fan  can  be  operated 
either  by  a  small  engine  or  by  one  already  in  operation.  A  small 
amount  of  boiling  water  taken  from  the  feed  pipe  is  caused  to  con- 
stantly moisten  the  hot  g-ases  which  enter  the  superheater,  and  thus 
maintains  them  at  their  dew  point,  .so  as  to  facilitate  the  radiation  of 
their  heat  to  the  stacked  pipes.  The  superheater,  being  in  effect  an 
auxiliary  steam  boiler,  is  supplied  with  a  steam  gauge,  the  pressure  on 
which  is  always  slightly  greater  than  that  of  the  boiler. 


OLSEX'S  TESTING  MACHINES. 

From  the  Report  of  the  Secretary,  November  15,  1882. 


Universal  Testing  Machine. — The  illustration  (Fig,  1)  repre- 
sents a  testing  machine  of  50,000  pounds  capacity,  combining 
certain  novel  and  useful  features,  introduced  for  the  purpose  of 
subjecting  materials  used  in  con.struction  to  every  variety  of  strain. 
The  machine  was  designed  and  constructed  by  Mr.  Tinius  Olsen  of 
Philadelphia,  a  member  of  the  Institute,  for  the  Renssalaer  Polytech- 
nic Institute  of  Troy,  and  was  made  especially  with  the  object  of  uni- 
versal .service,  for  scientific  investigation  and  instruction.  It  is  adapted 
for  making  tensile,  crushing,  transverse,  and  torsional  tests. 

The  strain  is  applied  with  screws  and  gearing,  and  is  operated  by  a 
crank  shown  in  front  of  the  cut.  It  is  also  provided  with  quick 
return  motion.  To  bring  this  into  play  the  large  crank  and  small 
pinion  is  removed,  and  the  larger  intermediate  gear-wheel  turned  by 
a  handle  on  the  .same. 

For  convenience,  and  with  the  object  of  enabling  the  machine  to  be 
easily  operated  by  the  experimenter  without  help,  an  arrangement  is 
added  for  operating  the  gears  and  screws  by  foot.  This  arrangement 
is  represented  in  the  illustration  by  the  long  lever  crossing  the  lower 
gear-wheel  of  the  machine. 

The  strain  to  which  tiie  specimen  of  material  operated  upon  is  sub- 
jected will  bear  upon  the  platform  of  the  machine,  which  is  supportod 
on  a  system  of  scale  levers,  and  the  amount  of  the  strain   balanced 
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and  indicated  on  the  beam,  in   the  main  similar  to  the  arrangement  of 
a  platform  scale. 
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As  the  machine  is  represented  in  the  cut,  it  is  arranged  for  testing 
long  specimens  in  tension  up  to  5  feet  lengths.  For  ordinary  short 
specimens  of  2  feet  lengths  and  less  the  top  part  can  be  removed,  thus 
making  it  more  convenient  to  place  and  replace  specimens,  as  a  man 
can  then  reach  both  ends  of  the  specimen  when  .standing  on  the  floor 
alongside  the  machine. 

As  a  new,  and  for  scientific  investigation  important  feature,  this 
machine  is  provided  with  an  arrangement  for  applying  intermittent 
strains,  whereby  a  specimen  under  a  certain  strain  may  be  instantly 
subjected  to  a  certain  increased  strain  and  again  as  suddenly  relea.sed. 
When  an  ordinary  test  is  made  the  foot  lever  to  the  right  of  the 
machine  is  in  position  when  up  under  the  frame  of  the  machine.  The 
intermittent  strain  is  applied  by  depressing  this  lever,  and  the  amount 
of  this  extra  strain  is  measured  on  the  weighing  beam,  and  set  or 
limited  to  the  desired  amount  by  the  screw  and  hand-wheel,  shown 
under  the  weigh  beam. 

With  this  machine,  then,  the  experimenter  is  enabled  to  apply  a  very 
gradual  and  quietly  increasing  strain,  which  can  be  obtained  by  the 
use  of  screws  and  the  crank  motion;  also,  when  desired,  a  sudden 
and  intermittent  loading  or  series  of  strains  of  any  desired  duration. 

In  the  size  of  machine  illustrated  (of  50,000  lbs.  capacity)  the  inter- 
mittent strains  can  be  regulated  to  any  desired  amount  up  to  30,000 
lbs.  by  the  exertions  of  one  man,  the  maximum  amount  depending 
upon  the  rigidity  of  the  material  experimented  with.  Machines  of  this 
kind  have  been  built  up  to  200,000  pounds  capacity. 

Horizontal  Chain  Testing  Machine. — Fig.  2  represents  a 
horizontal  chain  testing  machine  (built  for  the  Iron  City  Chain 
Works,  Pittsburgh,  Pa.),  capable  of  stretching  out  and  testing 
15  fathom  length  of  chain,  and  consists  of  a  straining  device  and  a 
recording  device,  both  arranged  at  the  same  end  of  the  machine  .so 
that  all  the  working  parts  are  under  the  eye  of  the  operator. 

The  straining  device  in  this  case  consists  of  hydraulic  cylinder,  power 
pumps  and  a  device  for  changing  and  stopjjing  the  motion  of  the 
piston  in  the  cylinder  without  stopping  the  })umps  a.s  well  as  an  auto- 
matic .stopping  arrangement  at  each  end  of  the  stroke  of  the  piston. 

The  recording  device  consists  of  scide  levers  and  a  beam  with  .sliding 
poise.s. 

The  liydraulic  cylinder  pre.^.«ies  against  tlie  main  levers,  and  this  again 
transfers  the  strain  to  the  equal  beam,  which  alters  the  horizontal  stress 
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to  a  vertical  one,  and  is  further  transmitted  through  the   intermittent 
lever  to  the  beam  where  it  is  balanced  and  recorded. 

One  of  the  features  secured  in  this  arrangement  for  horizontal 
macliines  is  that  the  machine  can  be  sealed  with  standard  Aveights  and 
sealing  levere  the  same  as  is  done  in  sealing  a  platform  scale,  or  one- 
of  the  vertical  machines. 


THE  SPECTEOSCOPE  AND  THE  WEATHER. 


By  C.  PiAzzi  Smyth, 

Astronomer  Eoval  for  Scotland. 


What  may  be  done  with  the  spectroscope  in  the  matter  of  weather 
is,  for  the  present  at  least,  confined  almost  entirely  to  the  question  of 
rain — as.  Will  it  rain,  or  will  it  not ;  and,  if  it  will,  heavily  or  light- 
ly ?  The  manner  in  w^hich  the  spectroscope  acccomplishes  this  useful 
part  is  by  its  capacity  for  showing  whether  there  is  more  or  less  than 
the  usual  quantity  of  watery  vapor  permeating  the  otherwise  dry  gases 
in  the  upper  parts  of  the  atmosphere,  this  waterj^  vapor  not  being  by 
any  means  the  visible  clouds  themselves,  but  the  invisible  water-gas 
out  of  which  they  liave  to  be  formed,  and  by  means  of  which,  when 
over-abundant,  they  obtain  their  privilege  for  enacting  rain-fall.  So 
that  never  were  wiser  words  uttered  and  more  terse  philosophy  than 
those  which  are  to  be  found  in  the  ancient  book  of  Job,  wherein,  of 
the  wondrously  "balanced  clouds"  high  up  in  mid-air,  it  is  said,. 
"  They  pour  down  the  rain  according  to  the  vapor  thereof." 

More  or  less  of  this  water-vapor  is  always  in  the  air,  even  on  the 
very  clearest  days,  and  a  happy  thing  for  men  that  it  is  so ;  for,  as  Dr. 
Tyndall  and  others  have  well  siiown,  it  moderates  the  excesses  of  hot 
solar  radiation  by  day  and  cold  radiation  of  the  sky  at  night,  and  is 
more  abundant  in  the  hotter  than  in  the  colder  parts  of  the  earth. 
Wherefore,  according  largely  to  its  temperature  for  the  time  being,, 
the  air — otherwise  consisting  almost  entirely  of  nitrogen  and  oxygen 
— can  sustain,  and  does  assimilate,  as  it  were,  a  specified  amount  of 
this  watery  vapor,  invisibly  to  the  naked  eye,  the  microscope,  or  the 
telescope ;  but  not  so  to  the  instrument  of  recent  times,  the  S[)ectro- 
scope.  And  if  the  air  vertically  above  any  one  place  becomes  presently 
charged   with   more  than  its   usual   dose  of  such  transparent  watery 
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"vapor  (as  it  easily  may,  by  various  modes  and  processes  of  nature), 
the  si)ectroscope  shows  that  fact  immediately,  even  while  the  sky  is 
still  blue ;  clouds  soon  after  form,  or  thicken  if  already  formed,  and 
rain  presently  begins  to  descend. 

But  how  does  the  spectroscope  show  to  the  eye  what  is  declared  to 
be  invisible  in  all  ordinary  optical  instruments?  It  is  partly  by  its 
power  of  discriminating  the  differently  colored  rays  of  which  white 
light  is  made  up,  and  partly  by  the  quality  impressed  on  the  molecules 
of  water  at  their  primeval  creation,  but  only  recently  discovered,  of 
stopping  out  certain  of  those  rays  so  discriminated  and  placed  in  a 
rainbow-colored  order  by  the  prism  and  slit  of  the  spectroscope,  but 
transmitting  others  freely.  Hence  it  is,  that  on  looking  at  the  light 
of  the  sky  through  any  properly  adjusted  spectroscope,  we  see,  besides 
the  Newtonian  series  of  colors  from  red  to  violet,  and  besides  all  the 
thin,  dark  Fraunhofer,  or  solar  originated  lines,  of  which  it  is  not  my 
object  now  to  speak,  we  see,  I  say,  in  one  very  definite  part — viz., 
between  the  orange  and  yellow  of  that  row  of  colors,  or  "spectrum," 
as  it  is  called — a  dark,  hazy  baud  stretching  across  it.  That  is  the 
€hief  band  of  watery  vapor ;  and  to  see  it  very  dark,  even  black, 
•do  not  look  at  a  dark  part  of  the  sky  or  at  black  clouds  therein,  but 
look,  rather,  where  the  sky  is  brightest,  fullest  of  light  to  the  naked 
eye,  and  where  you  can  see  through  the  greatest  length  of  such  well- 
illumined  air,  at  a  low,  rather  than  high,  angle  of  altitude,  and  either 
in  warm  weather,  or,  above  all,  just  before  a  heavy  rain-fall,  when 
there  is  and  must  be  an  extra  supply  of  watery  vapor  in  the  atmos- 
phere. Any  extreme  darkness,  therefore,  seen  in  that  water-vapor 
band  beyond  what  is  usual  for  the  season  of  the  year  and  the  latitude 
of  the  place  is  an  indication  of  rain-material  accumulating  abnormally; 
while  on  the  other  hand,  any  notable  deficiency  in  the  darkness  of  it, 
other  circumstances  being  the  same,  gives  probability  of  dry  weather, 
or  absence  of  rain  for  very  want  of  material  to  make  it ;  and  the  band 
has,  therefore,  been  called,  shortly,  "  the  rain-band."  Thus,  also, 
"  rain-band  spectroscopes"  have  been  specially  constructed  by  several 
most  expert  opticians  in  size  so  small  as  to  be  carriable  in  the  waist- 
coat-pocket, but  so  powerful  and  true  that  a  glance  of  two  seconds' 
duration  through  one  of  them  suffices  to  tell  an  experienced  observer 
the  general  condition  of  the  whole  atmosphere.  Especially,  too,  of 
the  upper  parts  of  it,  where  any  changes — as  they  take  place  there 
almost  invariably  earlier  than  below — enable  such  an  observer  to  favor 
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his  friends  around  him  with  a  prevision  of  what  they  are  hkoly  soon 
to  experience. 

As  an  example  of  what  may  be  done,  and  done  easily,  after  a  cer- 
tain amount  of  experience  and  understanding  of  the  subject  has  been 
acquired,  I  append,  from  a  lady's  meteorological  journal,  her  notes  of 
the  mean  temperature  of  the  air  and  the  intensity  of  the-raiu  band  for 
each  of  the  first  fifteen  days  of  the  present  month,  and  in  a  final  col- 
umn have  entered  the  amount  of  rain-fall  measured  at  the  Royal 
Observatory,  Edinburgh,  on  each  of  those  days.  The  darker  the 
rain-band  the  larger  is  the  figure  set  down  for  it,  and  it  will  be  seen 
pretty  plainly,  on  running  the  eye  down  that  column  and  the  next 
one,  that  with  an  intensity  of  either  0  or  1  no  rain  follows,  or,  we 
might  almost  say,  can  follow;  but  with  an  intensit}'  of  2  rain-fall 
begins,  and  with  3  it  may  be  very  heavy.  All  these  rain-band  notes 
have  been  made  with  a  spectroscope  no  larger  than  one's  little  finger, 
purchased  some  six  years  ago,  and  taken  on  many  voyages  and  travels 
since  then  : 


Date,  September,  1882. 


Friday,  1,      . 

Saturday,  2, 
Sunday,  3, 
Monday,  4, 
Tuesday,  5,    . 
Wednesday,  6, 
Thursday,  7, . 
Friday,  8,     .  . 

Saturday,  9,  . 
Sunday,  10, 
Monday,  11, . 
Tuesday,  12,  . 

Wednesday,  13, 
Thursday,  14, 
Friday,  15,    . 

But,  if  so  much  can  be  done  by  so  small  a  s])ectroscope,  the  ques- 
tion may  be  well  asked  whether  more  .still  might  not  be  accompli.^hed 
with  a  bigger  and  more  powerful  one,  especially  seeing  that  the  dis- 
persive j)o\vei's  of  both  chemical  and  astronomical  .spectroscopes  have 
in  late  years  been  increased  to  a  most  astonishing  extent.     The  ques- 
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1 
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0 
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1 

0 
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3 
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,     oG-2 

2 

•570 
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tiou  is  important,  and  somewhat  new  as  well.  I  propose,  therefore, 
to  devote  the  remainder  of  my  space  to  its  answer,  rather  than  to  the 
practical  rules  for  using  the  smaller  instruments,  especially,  too,  as 
they  have  been  already  introduced  to  the  public,  both  by  my  friend 
Mr.  Rand  Capron,  in  his  pamphlet  "  A  plea  for  the  Rain-band,"  and 
by  myself,  in  the  fourteenth  volume  of  the  "  Edinburgh  Astronomical 
Observations";  also  in  the  "Journal  of  the  Scottish  Meteorological 
Society,"  and  in  the  September  number  of  the  "  Astronomical  Register 
for  1877." 

The  greater  part  of  higher  power  spectroscopes  are  not  suitable  to 
rain-band  work,  for  their  'fields  are  usually  too  dark.  But  having 
recently  built  up  for  myself  a  large-sized  variety  of  the  instrument, 
possessing  perhaps  the  greatest  combination  of  power  with  transpa- 
rency yet  attained,  and  having  it  always  mounted  in  an  upper  chamber 
looking  out  at  an  altitude  of  about  5°  over  the  northwestern  horizon 
«(or  most  suitably  for  rain-band  work),  I  will  try  to  describe  shortly  its 
action  therein. 

The  classical  "  rain-band,"  which  in  the  little  instrument  is  merely 
:a  very  narrow  fringe  to  an  almost  infinitely  thin  black  line,  is  so  mag- 
nified laterally  in  the  larger  instrument  as  to  fill  the  whole  breadth 
of  the  field.  The  thin  black  line  before  spoken  of  is  now  not  only 
split  into  two,  but  these  are  both  strong,  thick,  sharply  defined  lines, 
separated  from  each  other  by  six  or  seven  times  the  breadth  of  either. 
These  are  the  celebrated  solar  D-lines,  Dl  and  D2,  arising  from  the 
sodium  metalloid  burning  or  incandescent  in  the  sun.  They  are, 
therefore,  perfectly  uninfluenced  by  changes  of  the  terrestrial  atmos- 
phere, hot  or  cold,  wet  or  dry,  and  are,  therefore,  invaluable  as  refer- 
ences for  degrees  of  visibility  of  the  water-vapor  lines  and  bands 
which  rise  or  fall  in  intensity  precisely  with  those  changes.  There  are 
several  of  these  earthly  waier-vapor  lines  and  bands  in  and  between 
and  about  the  D-lines  themselves ;  then  a  long  breadth  of  band 
toward  the  red  side  of  Dl ;  then  a  pair  of  lines  not  so  widely  apart  as 
the  D-lines,  but  sometimes  just  as  sharp  and  black ;  then  two  or  three 
fainter  bands;  then  a  grand  triple,  of  which  the  nearer  line  some- 
times attains  greater  blackness  than  either  D-line ;  then  beyond  that 
three  distinct,  equal-spaced,  isolated  bands ;  and,  farther  away  toward 
the  red,  a  stretch  of  faint  haze  and  haze-bands. 

All  these  go  to  make  up  the  one  thin  rain-band  of  the  little  spec- 
troscopes ;  and  I  fortunately  had,  through  the  month  of  August  and 
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the  early  clays  of  iSeptember,  occupied  myself  each  morning  in  noting 
the  greater  or  less  intensity  of  each  and  all  these  water-vapor  lines  and 
t^ands  in  terras  of  the  two  solar  constants  Dl  and  D2  ;  and  every  such 
morning  there  was  an  abundance  of  details  to  see,  to  recognize,  and 
to  measure.  But  on  the  morning  of  Monday,  September  4th,  when  the 
little  instrument  had  truly  enough  marked  0  on  its  very  small  scale, 
I  almost  started  at  finding  in  the  large  instrument  every  member  of 
its  long  rain-band  group,  unless  it  were  a  vanishing  trace  of  one  or  two 
of  the  strongest,  utterly  gone;  while  the  two  D-lines  were  in  their 
accustomed  strength,  but  far  greater  clearness,  for  now  they  were  all 
alone  in  the  field  save  the  ultra-thin  solar  nickel  line  between  them 
and  one  or  two  others,  equally  thin  and  solar  on  their  blue  side.  The 
stages  of  perceptible  shade  of  water-vapor  lines  which  had  thus  been 
swept  away,  between  their  this  day's  invisibility,  and  their  tremen- 
dous strength  no  longer  before  than  the  previous  Friday,  might  have 
been  expressed  by  a  scale  not  divided  into  three  parts  only,  but  into 
thirty ;  and  implied  such  a  very  unusual  amount  of  absence  of  water- 
vapor  that  I  not  only  felt  sure  of  no  rain  falling  either  next  day,  or 
perhaps  for  several  days  after,  but  that  the  weather  must  also  be 
•coming  on  colder  as  well.  Therefore  it  was  that  I  took  the  step  of 
instantly  writing  as  I  did  to  a  local  paper,  promising  the  perplexed 
farmers  dry  weather  at  last,  though  probably  sharp  and  cold,  to  get  in 
their  crops. 

And  how  was  that  expectation  fulfilled?  Various  meteorologists 
in  different  parts  of  the  country  have  already  declared  themselves 
well  satisfied  with  it.  But  I  would  now  beg  further  attention  to  the 
little  daily  register  already  quoted,  showing  that  from  and  including 
that  day,  Monday,  September  4th,  up  to  and  including  the  next  Satur- 
day, not  a  drop  of  rain  fell  at  the  observatory.  Between  the  follow- 
ing Sunday  and  ]\Ionday,  a  drizzle,  but  only  amounting  to  0.04  inch, 
occurred,  and  after  that  there  were  three  more  days  equally  dry  with 
the  preceding  ones.  But  on  Thursday,  the  14th,  the  rain-band  re-ap- 
peared in  both  spectroscopes  in  all  its  force ;  rain  began  to  fall  the 
same  day,  and  next  day's  measure  at  the  observatory  amounted  to 
more  than  half  an  inch.  ^Mle^efore  it  is  to  be  hoped  that  the  farmers 
had  busied  themselves  effectively  while  the  dry  weather  lasted,  for 
the  return  of  these  spectral  lines  of  watery  vapor  showed  that  their 
autumn  opportunity  was  then  gone  by.' — London  Times. 
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SCIENCE  IN  KELATION  TO  THE  ARTS. 


By  C.  William  Siemens,  F.  R.  S. 


Since  the  days  of  the  first  meeting  of  the  Association  in  York,  in 
1831,  great  changes  have  taken  place  in  the  means  at  our  disposal  for 
exchanging  views,  either  personally  or  through  the  medium  of  type. 
The  creation  of  the  railway  system  has  enabled  congenial  minds  to 
attend  frequent  meetings  of  those  special  societies  which  have  sprung 
into  existence  since  the  foundation  of  the  British  Association,  amongst 
which  I  need  only  name  here  the  Physical,  Geographical,  Meteorolo- 
gical, Anthropological  and  Linnean,  cultivating  abstract  science,  and 
the  Institution  of  Mechanical  Engineers,  the  Institution  of  Naval 
Architects,  the  Iron  and  Steel  Institute,  the  Society  of  Telegraph  Engi- 
neers and  Electricians,  the  Gas  Institute,  the  Sanitary  Institute  and 
the  Society  of  Chemical  Industry,  representing  applied  science.  These 
meet  at  frequent  intervals  in  London,  whilst  others,  having  similar 
objects  in  view,  hold  their  meetings  at  the  University  towns,  and  at 
other  centres  of  intelligence  and  industry  throughout  the  country,  giv- 
ing evidence  of  great  mental  activity,  and  producing  some  of  those 
very  results  which  the  founders  of  the  British  Association  wished  to 
see  realized.  If  we  consider  further  the  extraordinary  development  of 
scientific  journalism  which  has  taken  place,  it  cannot  surprise  us  when 
we  meet  with  expressions  of  opinion  to  the  eifect  that  the  British  Asso- 
ciation has  fulfilled  its  mission,  and  should  now  yield  its  place  to  those 
special  societies  it  has  served  to  call  into  existence.  On  the  other  hand, 
it  may  be  urged  that  the  brilliant  success  of  last  year's  anniversary 
meeting,  enhanced  by  the  comprehensive  address  delivered  on  that 
occasion  by  my  distinguished  predecessor  in  office.  Sir  John  Lubbock,^ 
has  proved,  at  least,  that  the  British  Association  is  not  dead  in  the 
affections  of  its  members,  and  it  behoves  us  at  this,  the  first  ordinary 
gathering  in  the  second  half  century,  to  consider  what  are  the  strong 
points  to  rely  upon  for  the  continuance  of  a  career  of  success  and  use- 
fulness. 

If  the  facilities  brought  home  to  our  doors,  of  acquiring  scientific 


*  Presidential  Address  delivered  at  the  54th  Annual  Meeting  of  the  British  Asso- 
ciation for  the  Advancement  of  Science,  held  at  Southampton,  Augu?t  23d,  1882. 
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information,  have  increased,  the  neee-'^sities  for  scentific  inquiry  liave 
in(;reased  in  a  greater  ratio.  The  time  was  when  science  was  cukivated 
only  by  the  few,  who  looked  upon  its  application  to  the  arts  and  man- 
ufactures as  almo.^t  l)eneath  their  consideration  ;  this  they  were  content 
to  leave  in  the  hands  of  others,  who,  with  only  commercial  aims  in 
view,  did  not  aspire  to  further  the  objects  of  science  for  its  own  sake, 
but  thought  only  of  benetitting  by  its  teachings.  Progress  could  not 
be  rapid  under  this  condition  of  things,  because  the  man  of  pure  sci- 
ence rarely  pursued  his  inquiry  beyond  the  mere  enunciation  of  a  phy- 
sical or  chemical  principle,  whilst  the  simple  j)ractitioner  Avas  at  a  loss 
how  to  harmonize  the  new  knowledge  with  the  stock  of  information 
which  formed  his  mental  capital  in  trade. 

The  advancement  of  the  last  fifty  years  has,  I  venture  to  submit, 
rendered  theory  and  practice  so  interdependent  that  an  intimate  union 
between  them  is  a  matter  of  absolute  necessity  for  our  future  progress. 
Take,  for  instance,  the  art  of  dyeing,  and  we  find  that  the  discovery 
of  new  coloring  mattei*s  derived  from  waste  products,  such  as  coal  tar, 
completely  changes  its  practice,  and  renders  an  intimate  knowledge  of 
the  science  of  chemistry  a  matter  of  absolute  necessity  to  the  practitioner. 
In  telegraphy,  and  in  the  new  arts  of  applying  electricity  to  lighting,  to 
the  transmission  of  power,  and  to  metallurgical  operations,  problems 
arise  at  every  turn,  requiring  for  their  solution  not  only  an  intimate 
acquaintance  with,  but  a  positive  advance  upon,  electrical  science,  as 
established  by  purely  theoretical  research  in  the  laboratory.  In  general 
engineering,  the  mere  practical  art  of  constructing  a  machine  so  designed 
and  proportioned  as  to  produce  mechanically  the  desired  effect,  would 
suffice  no  longer.  Our  increased  knowledge  of  the  nature  of  the  mutual 
relations  between  the  different  forms  of  energy  makes  us  see  clearly 
what  are  the  theoretical  limits  of  effect;  these,  although  beyond  our 
absolute  reach,  may  be  looked  upon  as  the  asymptotes  to  be  approached 
indefinitely  by  the  hyperbolic  course  of  practical  progress,  of  wliich  we 
should  never  lose  sight.  Cases  arise,  moreover,  where  the  introduction 
of  new  materials  of  construction,  or  the  call  for  new  effects,  renders 
former  rules  wholly  insufficient.  In  all  these  cases  ])ractical  knowledge 
has  to  go  hand  in  hand  with  advanced  science  in  order  to  accomplish 
the  desired  end. 

Far  be  it  from  me  to  thiidc  lightly  of  the  ardent  students  of  nature, 
who,  in  tiieir  devotion  to  research,  do  not  allow  their  minds  to  travel 
into  the  regions  of  utilitarianism  and  of  self-interest.  These,  the  high 
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priests  of  science,  command  our  utmost  admiration ;  but  it  is  not  to 
them  that  we  can  look  for  our  current  progress  in  practical  science, 
much  less  can  we  h)ok  for  it  to  the  "  rule  of  thumb  "  practitioner,  who 
is  guided  by  what  comes  nearer  to  instinct  than  to  reason.  It  is  to  the 
man  of  science,  who  also  gives  attention  to  practical  questions,  and  to 
the  practitioner,  who  devotes  part  of  his  time  to  the  prosecution  of 
strictly  scientific  investigations,  that  we  owe  the  rajiid  progress  of  the 
present  day,  both  merging  more  and  more  into  one  class,  that  of  pio- 
neers in  the  domain  of  nature.  It  is  such  men  that  Archimedes  must 
have  desired  when  he  refused  to  teach  his  disciples  the  art  of  construct- 
ing his  powerful  ballistic  engines,  exhorting  them  to  give  their  atten- 
tion to  the  principles  involved  in  their  construction,  and  that  Telford, 
the  founder  of  the  Institution  of  Civil  Engineers,  must  have  had  in 
his  mind's  eye,  when  he  defined  civil  engineering  as  "  the  art  of  direct- 
ing the  great  sources  of  power  in  nature." 

These  considerations  may  serve  to  show  that,  although  we  see  the 
men  of  both  abstract  and  applied  science  group  themselves  in  minor 
bodies  for  the  better  prosecution  of  special  objects,  the  points  of  con- 
tact between  the  different  branches  of  knowledge  are  ever  multiplying, 
all  tending  to  form  part  of  a  mighty  tree — the  tree  of  modern  science — 
under  whose  ample  shadow  its  cultivators  will  find  it  both  profitable 
and  pleasant  to  meet,  at  least  once  a  year;  and  considering  that  this 
tree  is  not  the  growth  of  one  country  only,  but  spreads  both  its  roots 
and  branches  far  and  wide,  it  appears  desirable  that  at  these  yearly 
gatherings  other  nations  should  be  more  fully  represented  than  has 
hitherto  been  the  case.  The  subjects  discussed  at  our  meetings  are 
\vithout  exception  of  general  interest,  but  many  of  them  bear  an  inter- 
national character,  such  as  the  systematic  collection  of  magnetic,  astro- 
nomical, meteorological,  and  geodetical  observations,  the  formation  of 
a  universal  code  for  signaling  at  sea,  and  for  distinguishing  lighthouses, 
and  especially  the  settlement  of  scientific  nomenclatures  and  units  of 
measuretnent,  regarding  all  of  which  an  international  accord  is  a  mat- 
ter of  the  utmost  practical  importance. 

As  regards  the  measures  of  length  and  weight  it  is  to  be  regretted 
that  this  coiuitry  still  stands  aloof  from  the  movement  initiated  in  France 
towards  the  close  of  last  century ;  but,  considering  that  in  scientific 
work  metrical  measure  is  no\v  almost  universally  adopted,  and  that  its 
use  has  been  already  legalized  in  this  country,  I  venture  to  hope  that 
its  universal  adoption  for  commercial  purposes  will   soon   follow  as  a 
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matter  of  course.  Tlie  practical  advantages  of  such  a  measure  to  the 
trade  of  this  country  would,  I  am  convinced,  be  very  great,  for 
English  goods,  such  as  machinery  or  metal  rolled  to  current  sections, 
are  now  almost  excluded  from  the  continental  market,  owing  to  the 
unit  measure  employed  in  their  production.  The  principal  im])edi- 
ment  to  tlic  adoption  of  the  metre  consists  in  the  strange  anomaly  that 
although  it  is  legal  to  use  that  measure  in  commerce,  and  although  a 
•copy  of  the  standard  metre  is  kept  in  the  Standards'  Department  of  the 
Board  of  Trade,  it  is  imjwssible  to  procure  legalized  rods  representing 
it,  and  to  use  a  non-legalized  copy  of  a  standard  in  commerce  is  deemed 
fraudulent.  Would  it  not  be  desirable  that  the  British  Association 
should  eijdcavor  to  bring  about  the  use  in  this  country  of  the  metre 
and  kilogram,  and,  as  a  preliminary  step,  petition  the  government  to 
be  represented  on  the  International  Metric  Commission,  whose  admira- 
ble establishment  at  Sevres  possesses,  independently  of  its  practical 
work,  considerable  scientific  interest,  as  a  well-found  laboratory  for 
developing  methods  of  precise  measurement  ? 

Next  in  importance  to  accurate  measures  of  length,  weiglit,  and 
time,  stand,  for  the  purposes  of  modern  science,  those  of  electricity. 

The  remarkably  clear  lines  separating  conductoi's  from  non-conduct- 
ors of  electricity,  and  magnetic  from  non-magnetic  substances,  enable 
us  to  measure  electrical  quantities  and  effects  with  almost  mathematical 
precision ;  and,  although  the  ultimate  nature  of  this,  the  youngest  sci- 
entifically investigated  form  of  energy,  is  yet  wrapped  in  mystery-,  its 
laws  are  the  most  clearly  established,  and  its  measuring  instruments 
(galvanometers,  electrometers,  and  magnetometers)  are  amongst  the 
most  accurate  in  physical  science.  Nor  could  any  branch  of  science  or 
industry  be  named  in  which  electrical  phenomena  do  not  (M-cur,  to  exer- 
cise their  direct  and  imj)ortant  influence. 

If,  then,  electricity  stands  foremost  amongst  the  exact  sciences,  it 
follows  that  its  unit  measures  should  be  determined  with  the  utmost 
acc:uracy.  Yet,  twenty  years  ago  very  little  advance  had  been  made 
towards  the  adoption  of  a  rational  system.  Ohm  had,  it  is  true,  given 
us  the  fixed  relations  existing  between  electromotive  force,  resistance 
and  quantity  of  current;  Joule  had  established  the  dynamical  Cfpiiva- 
lent  of  heat  and  electricity,  and  Gauss  and  Weber  had  proposed  their 
elaborate  system  of  absolute  magnetic  measurement,  lint  these  inval- 
uable researches  appeared  (mly  as  isolated  eftbrts,  when,  in  1862,  the 
Electric  Unit  Committee  was  appointed  by  the  British  Association,  at 
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the  instance  of  Sir  William  Thomson,  and  it  is  to  the  long-continued 
activity  of  this  committee  that  the  world  is  indebted  for  a  consistent 
and  practical  system  of  measurement,  which,  after  being  modified  in 
details,  received  universal  sanction  last  year  by  the  International  Elec- 
trical Congress  assembled  at  Paris. 

At  this  Congress,  which  w^as  attended  officially  by  the  leading  phys- 
icists of  all  civilized  countries,  the  attempt  was  successfully  made  to 
bring  about  a  union  between  the  statical  system  of  measurement  that 
had  been  followed  in  Germany  and  some  other  countries,  and  the  mag- 
netic or  dynamical  system  developed  by  the  British  Association,  also 
between  the  geometrical  measure  of  resistance,  the  (Werner)  Siemens 
unit  that  had  been  generally  adopted  abroad,  and  the  British  Associ- 
ation unit  intended  as  a  multiple  of  Weber's  absolute  unit,  though  not 
entirely  fulfilling  that  condition.  The  Congress,  while  adopting  the 
absolute  system  of  the  British  Association,  referred  the  final  determi- 
nation of  the  unit  measure  of  resistance  to  an  International  Commit- 
tee, to  be  appointed  by  the  representatives  of  the  several  governments; 
they  decided  to  retain  the  mercury  standard  for  reproduction  and 
comparison,  by  wdiich  means  tlie  advantages  of  both  systems  are  hap- 
pily combined,  and  much  valuable  labor  is  utilized;  only,  instead  of 
expressing  electrical  quantities  directly  in  absolute  measure,  the  Con- 
gress has  embodied  a  consistent  system,  based  on  the  Ohm,  in  which 
the  units  are  of  a  value  convenient  for  practical  measurements.  In 
this,  which  we  must  hereafter  know  as  the  "  practical  system,"  as  dis- 
tinguished from  the  "  absolute  system,"  the  units  are  named  after  leading 
physicists,  the  Ohm,  Ampere,  Volt,  Coulomb,  and  Farad. 

I  would  venture  to  suggest  that  two  further  units  might,  wath  advan- 
tage, be  added  to  the  system  decided  on  by  the  International  Congress 
at  Paris.  The  first  of  these  is  the  unit  of  magnetic  quantity  or  pole. 
It  is  of  much  importance,  and  few  will  regard  otherwise  than  wdth 
satisfaction  tke  suggestion  of  Clausius  that  the  unit  should  be  called  a 
"  Weber,"  thus  retaining  a  name  most  closely  connected  with  electrical 
measurements,  and  only  omitted  by  the  Congress  in  order  to  avoid  the 
risk  of  confusion  in  the  magnitude  of  the  unit  current  with  which  hi& 
name  has  been  formerly  associated. 

The  other  unit  I  should  suggest  adding  to  the  list  is  that  of  power. 
The  power  conveyed  by  a  current  of  an  Ampere  through  the  difference 
of  i)otential  of  a  Volt  is  the  unit  consistent  with  the  ])ractical  system. 
It  might  be  appropriately  called  a  Watt,  in  honor  of  that  master  mind 
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4n  mechanical  science,  James  Watt.  He  it  was  who  first  had  a  clear 
physical  concej^tion  of  power,  and  gave  a  rational  method  of  measuring 
it.  A  Watt,  then,  expresses  the  rate  of  an  Ampere  multiplied  by  a 
Volt,  whilst  a  horse-power  is  746  Watts,  and  a  Cheval  de  Vapeur  735. 
The  system  of  electro-magnetic  units  would  then  be : 

(1)  Weber,  the  unit  of  magnetic  quantity        ==10*  C.G.S.  Units. 

(2)  Ohm  "  "  resistance     =10^  " 

(3)  Volt  "  "  electromotive  force=lO*  '' 

(4)  Ampere        "  "  current         =10-'  " 

(5)  Coulomb      "  "  quantity       =10-^ 

(6)  Watt  "  "  power  =10^ 

(6)  Farad  "  "  capacity        ^10-^  " 

Before  the  list  can  be  looked  u])on  as  complete  two  other  units  may 
have  to  be  added,  the  one  expressing  that  of  magnetic  field,  and  the 
other  of  heat  in  terms  of  the  electro-magnetic  system.  Sir  William 
Thomson  suggested  the  former  at  the  Paris  Congress,  and  pointed  out 
that  it  would  be  proper  to  attach  to  it  the  name  of  Gauss,  who  first 
theoretically  and  practically  reduced  observations  of  terrestrial  magnet- 
ism to  absolute  measure.  A  Gauss  will,  then,  be  defined  as  the  inten- 
sity of  field  produced  by  a  Weber  at  a  distance  of  one  centimetre;  and 
the  \\'eber  will  be  the  absolute  C.G.S.  unit  strength  of  magnetic  ])ole. 
Thus  the  mutual  force  between  two  ideal  point-poles,  each  of  one  Weber 
strength  held  at  unit  distance  asunder,  will  be  one  dyne;  that  is  to  say, 
the  force  which,  acting  for  a  second  of  time  on  a  gram  of  matter,  gen- 
erates a  velocity  of  one  centimetre  })er  second. 

The  unit  of  heat  has  iiitherto  been  taken  variously  as  the  heat 
required  to  raise  a  pound  of  water  at  the  freezing  point  through  1° 
Fahrenlieit  or  Centigrade,  or,  again,  the  heat  necessary  to  raise  a  kilo- 
gram of  water  1°  Centigrade.  The  inconyenience  of  a  unit  so  entirely 
arbitrary  is  sufficiently  apparent  to  justify  the  introduction  of  one 
based  on  the  electro-magnetic  system,  viz.,  the  heat  generated  in  one 
second  by  the  current  of  an  Am})ere  flowing  through  the  resistance  of 
an  Ohm.  In  absolute  measure  its  value  is  K/  C.G.S.  units,  and, 
assuming  Joule's  equivalent  as  42,000,000,  it  is  the  heat  necessary  to 
raise  ()'238  grams  of  water  1°  Centigrade,  or,  approximately,  tlie 
TlVir  P'^''^  ^'^  ^^^  arbitrary  unit  of  a  pound  of  water  raise^l  1°  Fah- 
renheit and  tlie  j-yVir  <>f  the  kilogramme  of  water  raised  1°  Centigrade. 
Such  a  heat  unit,   if  found  acce})tal)le,  might  with  great  ])roj)riety,  I 
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think,  be  called  the  Joule,  after  the   man  who  has  done  so  much  to 
develop  the  dynamical  theory  of  heat. 

Professor  Clausius  urges  the  advantages  of  the  statical  system  of 
measurement  for  simplicity,  and  shows  that  the  numerical  values  of  the 
two  systems  can  readily  be  compared  by  the  introduction  of  a  factor, 
which  he  proposes  to  call  the  critical  velocity ;  this,  Weber  has  already 
shown  to  be  nearly  the  same  as  the  velocity  of  light.  It  is  not  imme- 
diately evident  how  by  the  introduction  of  a  simple  multiple,  signifying 
a  velocity,  the  statical  can  be  changed  into  dyuamical  values,  and  I  am 
indebted  to  my  friend  Sir  William  Thomson  for  an  illustration  which 
struck  me  as  remarkably  happy  and  convincing.  Imagine  a  ball  of  con- 
ducting matter  so  constituted  that  it  can  at  pleasure  be  caused  to  shrink. 
Now  let  it  first  be  electrified  and  left  insulated  with  any  quantity  of 
electricity  on  it.  After  that,  let  it  be  connected  with  the  earth  by  an 
excessively  fine  wire  or  a  not  perfectly  dry  silk  fibre ;  and  let  it  shrink 
just  so  rapidly  as  to  keep  its  potential  constant,  till  the  whole  charge  is 
carried  off.  The  velocity  with  which  its  surface  approaches  its  centre  is 
the  electrostatic  measure  of  the  conducting  power  of  the  fibre.  Thus  we 
see  how  "conducting  power"  is,  in  electostatic  theory,  properly  meas- 
ured in  terms  of  a  velocity.  Weber  had  shown  how,  in  eleetro-mag- 
netic  theory,  the  resistance,  or  the  reciprocal  of  the  conducting  power 
of  a  conductor,  is  properly  measured  by  a  velocity.  The  critical  velo- 
city, which  measures  the  conducting  power  in  electrostatic  reckoning 
and  the  resistance  in  electromagnetic,  of  one  and  the  same  conductor, 
measures  the  number  of  electrostatic  units  in  the  electromagnetic  unit 
of  electric  quantity. 

Without  waiting  for  the  assembling  of  the  International  Committee 
charged  with  the  final  determination  of  the  Ohm,  one  of  its  most  dis- 
tinguished members,  I^ord  Rayleigh,  has,  with  his  collaborateure,  Mrs» 
Sidgwick,  continued  his  important  investigation  in  this  direction  at  the 
Cavendish  Laboratory,  and  has  lately  placed  before  the  Royal  Society  a 
result  which  will  probably  not  be  surpassed  in  accuracy.  His  redeter- 
mination brings  him  into  close  accord  with  Dr.  Werner  Siemens,  their 
two  values  of  the  mercury  unit  being  0*95418  and  0-9536  of  the  B.A. 
unit  respectively,  or  1  mercury  unit  =  0"9413X  10'^  C.G.S.  units. 

Shortly  after  the  ])ublication  of  Lord  Rayleigh's  recent  results, 
Messrs.  Glazebrook,  Dodds,  and  Sargant,  of  Cambridge,  communicated 
to  the    Royal   Society  two  determinations  of  the  Ohm,  by  different 
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methods;  and  it  is  satisfactory  to  find  tliat  tlieir  final  values  differ  only 
in  the  fourth  decimal,  the  figures  being,  according  to 

Lord  Rayleigh,    .     .     1  Ohm  ^^  0-98651  ^^^''^^^   (^ladrant. 

Second. 

Messrs.  Glazebrook,  etc.,  =0-986439  " 

Professor  E.  Wiedemann,  of  Leipzig,  has  lately  called  attention  to 
the  importance  of  having  the  Ohm  determined  in  the  most  accurate 
manner  possible,  and  enumerates  four  distinct  methods,  all  of  which 
should  unquestionably  be  tried  with  a  view  of  obtaining  concordant 
results,  because  upon  its  accuracy  will  depend  the  whole  future  system 
of  measurement  of  energy  of  whatever  form. 

The  word  Energy  was  first  used  by  Young  in  a  scientific  sense,  and 
re[)resents  a  conception  of  recent  date,  l)eing  the  outcome  of  the  labors 
of  Carnot,  Mayer,  Joule,  Grove,  Clausius,  Clerk-Maxwell,  Thomson, 
Stokes,  Helraholtz,  Macquorn-Rankiue,  and  other  laborers,  who  have 
accomplished  for  the  science  regarding  the  forces  in  Nature  what  we 
owe  to  Lavoisier,  Dalton,  Berzelius,  Liebig,  and  others,  as  regards 
Chemistry.  In  this  short  word  Energy  we  find  all  the  efforts  in 
nature,  including  electricity,  heat,  light,  chemical  action,  and  dynamics, 
equally  represented,  forming,  to  use  Dr.  Tyndall's  apt  expression,  so 
many  "modes  of  motion."  It  will  readily  be  conceived  that  when  we 
have  establishal  a  fixed  numerical  relation  between  these  different 
modes  of  motion  we  know  beforehand  what  is  the  utmost  result  we  can 
possibly  attain  iji  converting  one  form  of  energy  into  another,  and  to 
what  extent  our  ap})aratus  for  effecting  the  conversion  falls  short  of 
realizing  it.  The  difference  between  ultimate  theoretical  effect  and 
that  actuallv  obtained  is  commonlv  called  lo.ss,  but,  considering  that 
energy  is  inrlestructible,  represents  really  secondary  effect  which  we 
obtain  without  desiring  it.  Thus  fii(;tion  in  the  working  parts  of  a 
machine  represents  a  loss  of  mechanical  effect,  but  is  a  gain  of  hcjit, 
and  ill  like  manner  the  lo.ss  .sustained  in  transferring  electrical  energy 
from  one  point  to  another  is  accounted  for  by  heat  generated  in  the 
conductor.  It  .sometimes  suits  our  i)ur})ose  (o  augment  the  transform- 
ation of  electrical  into  heat  energy  at  certain  ])oiiits  of  the  circuit  when 
the  heat  rays  become  visible,  and  we  have  the  incandescence  electric 
light.  In  effecting  a  comi)lete  severance  of  the  conductor  for  a  .short 
di.stance,  after  the  current  has  been  established,  a  very  great  local 
resistance  is  occasioned,  giving  ri.se  to  the  electric  arc,  the  highest 
development  of  heat  ever  attained.     Vibration  is  another  form  of  lost 
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energy  in  mechanism,  but  who  would  call  it  a  loss  if  it  proceeded  from 
the  violin  of  a  Joachim  or  a  Norman-Neruda  ? 

Electricity  is  the  form  of  energy  best  suited  for  transmitting  an 
eSect  from  one  place  to  another ;  the  electric  current  passes  through 
certain  substances — the  metals — with  a  velocity  limited  only  by  the 
retarding  influence  caused  by  electric  charge  of  the  surrounding  dielec- 
tric, but  approaching  probably  under  favorable  conditions  that  of  radi- 
ant heat  and  light,  or  300,000  kilometres  per  second ;  it  refuses,  how- 
ever, to  pass  through  oxidized  substances,  glass,  gums,  or  through  gases 
except  when  in  a  highly  rarefied  condition.  It  is  easy  therefore,  to 
confine  the  electric  current  within  bounds,  and  to  direct  it  through 
narrow  channels  of  extraordinary  length.  The  conducting  wire  of  an 
Atlantic  cable  is  such  a  narrow  channel ,  it  consists  of  a  copper  Avire, 
or  strand  of  wires,  5  mm.  in  diameter,  by  nearly  5,000  kilometres  in 
length,  confined  electrically  by  a  coating  of  guttapercha  about  4  mm. 
in  thickness.  The  electricity  from  a  small  galvanic  battery  passing 
into  this  channel  prefers  the  long  journey  to  America  in  the  good  con- 
ductor, and  back  through  the  earth,  to  the  shorter  journey  across  the 
4  mm.  in  thickness  of  insulating  material.  By  an  improved  arrange- 
ment the  alternating  currents  employed  to  work  long  submarine  cables 
do  not  actually  complete  the  circuit,  but  are  merged  in  a  condenser  at 
the  receiving  station  after  having  produced  their  extremely  slight  but 
certain  effect  upon  the  receiving  instrument,  the  beautiful  syphon 
recorder  of  Sir  William  Thomson.  So  perfect  is  the  channel  and  so 
precise  the  action  of  both  the  transmitting  and  receiving  instruments 
employed,  that  two  systems  of  electric  signals  may  be  passed  simulta- 
neously through  the  same  cable  in  opposite  directions,  producing  inde- 
pendent records  at  either  end.  By  the  application  of  tlois  duplex  mode 
of  working  to  the  direct  United  States  cable  under  the  superintendence 
of  Dr.  Muirhead,  its  transmitting  power  was  increased  from  twenty- 
five  to  sLxty  words  a  minute,  being  equivalent  to  about  twelve  currents 
or  primary  impulses  per  second.  In  transmitting  these  impulse-cur- 
rents simultaneously  from  both  ends  of  the  line,  it  must  not  be  imag- 
ined, however,  tliat  they  pass  eacli  other  in  tli  manner  of  liquid  waves 
belonging  to  separate  systems ;  such  a  suppositon  would  involve  momen- 
tum in  the  electric  flow,  and  although  the  effect  produced  is  analagous 
to  such  an  action,  it  rests  upon  totally  different  grounds— namely,  that 
of  a  local  circuit  at  each  terminus  being  called  into  action  automatically 
whenever  two  similar  currents  are  passed  into  the  line  simultaneously 
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from  both  ends.  In  extending  this  principle  of  action  quadruj)lox  tel- 
egraphy ha.s  been  rendered  possible,  although  not  yet  for  long  subma- 
rine lines. 

The  minute  currents  here  employed  are  far  surpassed  as  regards  del- 
icacy and  frequency  by  those  revealed  to  us  by  that  marvel  of  the 
present  day,  the  telei)hone.  The  electric  currents  caused  by  the 
vibrations  of  a  diaphragm  acted  upon  by  the  human  voice  naturally 
varv  in  frequency  and  intensity  according  to  the  number  and  degree 
of  those  vibrations,  and  each  motor  current  in  exciting  the  electro- 
magnet forming  part  of  the  receiving  instrument,  deflects  the  iron 
dia])hragni  occupying  the  position  of  an  armature  to  a  greater  or 
smaller  extent  according  to  its  strength.  Savart  found  that  the  fun- 
damental la  springs  from  440  complete  vibrations  in  a  second,  but 
Avhat  must  be  the  frequency  and  modulations  of  the  motor  current  and 
of  magnetic  variations  necessary  to  convey  to  the  ear  through  the 
medium  of  a  vibrating  armature  such  a  complex  of  human  voices  and 
of  musical  instruments  as  constitutes  an  opera  performance.  And  yet 
such  performances  could  be  distinctly  heard  and  even  enjoyed  as  an 
artistic  treat  by  applying  to  the  ears  a  pair  of  the  double  telephonic 
receivers  at  the  Paris  Electrical  Exhibition,  when  connected  with  a 
pair  of  transmitting  instruments  in  front  of  the  footlights  of  the  Grand 
Opera.  In  connection  with  the  telephone,  and  with  its  equally 
remarkable  adjunct,  the  microphone,  the  names  of  Riess,  Graham  Bell, 
Edison,  and  Hughes  will  ever  be  remembered. 

Considering  the  extreme  delicacy  of  the  currents  working  a  telephone, 
it  is  obvious  that  those  caused  by  induction  from  neighboring  tele- 
graphic line  wires  would  seriously  interfere  with  the  former,  and  mar 
the  speech  or  other  sounds  produced  through  their  action.  To  avoid 
such  interference  the  telephone  wires  if  suspended  in  the  air  require 
to  be  placed  at  some  distance  from  telegra])hic  line  wires,  and  to  be 
supported  by  separate  posts.  Another  way  of  neutralizing  interfer- 
ence consists  in  twisting  two  sej)arately  insulated  telephone  wir(\s 
together  so  as  to  form  a  strand,  and  in  using  the  two  conductors  as  a 
metallic  circuit  to  the  exclusion  of  the  earth  ;  the  working  current  will, 
in  that  case  receive  equal  and  opposite  inductive  influences,  and  will 
therefore  remain  unafl'ected  by  them.  On  the  other  hand,  two  in<;ul- 
ated  wires  instead  of  one  are  I'cquired  for  working  one  set  of  instru- 
ments, and  a  serious  increase  in  the  cost  of  installation  is  thus  caused. 
To  avoid  this  Mr.  Jacob   has  lately  suggested  a    ])lan    of  combining 
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pairs  of  siu'li  metallic  circuits  again  into  separate  working  pairs,  and 
these  again  with  other  working  pairs,  whereby  the  total  number  of 
telephones  capable  of  being  worked  without  interference  is  made  to 
equal  the  total  number  of  single  wires  employed.  The  working  of 
tele].)houes  and  telegraphs  in  metallic  circuit  has  the  further  advantage 
that  mutual  volta  induction  between  the  outgoing  and  returning  cur- 
rents favors  the  transit,  and  neutralizes  on  the  other  hand  the  retrad- 
ing  influence  caused  by  charge  in  underground  or  submarine  conduc- 
tors. These  conditions  are  particularly  favorable  to  underground  line 
wires,  which  possess  other  important  advantages  over  the  still  pre- 
vailing overground  system,  in  that  they  are  unaffected  by  atmospheric 
electricity,  or  by  snow  storms  and  heavy  gales,  which  at  not  very  rare 
intervals  of  time  put  us  back  to  pre-telegraphic  days,  when  the  letter 
carrier  was  our  swiftest  messenger. 

The  undergrouug  system  of  telegraphs,  first  introduced  into  Ger- 
many by  Werner  Siemens  in  the  years  1847-8,  had  to  yield  for  a  time 
to  the  overground  system  owing  to  technical  difficulties,  but  it  has  been 
again  resorted  to  within  the  last  four  years,  and  multiple  land  cables 
of  solid  construction  now  connect  all  the  important  towns  of  that 
country.  The  first  cost  of  such  a  system  is  no  doubt  considerable,  being 
about  38/.  per  kilometre  of  conductor  as  against  8/.  lOs.  the  cost  of 
land  lines);  but  as  the  underground  wires  are  exempt  from  frequent 
repairs  and  renewals,  and  as  they  insure  continuity  of  service,  they 
are  decidedly  the  cheaper  and  better  in  the  end.  The  experience 
afforded  by  the  early  introduction  of  the  underground  system  in  Ger- 
many was  not,  however,  without  its  beneficial  results,  as  it  brought  to 
light  the  phenomena  of  lateral  iaiduction,  and  of  faults  in  the  insul- 
ating coating,  matters  which  had  to  be  understood  before  submarine 
telegrephy  could  be  attempted  with  any  reasonable  prospect  of  success. 

Regarding  the  transmission  of  power  to  a  distance,  the  electric  cur- 
rent has  now  entered  the  lists  in  competition  with  compressed  air,  the 
hydraulic  accumulator,  and  the  quick  running  rope  as  used  at  Schaff- 
hauscn  to  utilize  the  power  of  the  Rhine  fall.  The  transformation  of 
electrical  into  mechanical  energy  can  be  accomplished  with  no  further 
loss  than  is  due  to  such  incidental  causes  as  friction  and  the  heating  of 
wires ;  these  in  a  properly  designed  dynamo-electric  machine  do  not 
exceed  ten  per  cent.,  as  shown  by  Dr.  John  Hopkinson,  and,  judging 
frhm  recent  experiments  of  my  own,  a  still  nearer  approach  to  ulti- 
mate perfection  is  attainable.      Adhering,  however,   to   Dr.  Hopkin- 


Jan.,  1883.]  Science  in  Relation  to  the  Arts.  59 

son's  determination  for  safety's  sake,  and  assuming  the  same  percentage 
in  reconverting  the  current  into  mechanical  effect,  a  total  loss  of  19  per 
cent,  results.  To  this  loss  must  be  added  that  through  electrical 
resistance  in  the  connecting  iine  wires,  which  depends  upon  their  length 
and  conductivity,  and  that  due  to  heating  by  friction  of  the  working 
parts  of  the  machine.  Taking  these  as  being  equal  to  the  internal 
losses  incurred  in  the  double  process  of  conversion,  there  remains  a 
useful  effect  of  100 — 38=()2  per  cent,  attainable  at  a  distance,  which 
agrees  with  experimental  results,  although  in  actual  practice  it  would 
not  be  safe  at  present  to  expect  more  than  50  per  cent,  of  ultimate 
useful  effect,  to  allow  for  all  mechanical  losses. 

In  using  compressed  air  or  water  for  the  transmission  of  power  the 
loss  cannot  be  taken  at  less  than  fifty  per  cent.,  and  as  it  depends  upon 
fluid  resistance  it  increases  with  distance  more  rapidly  than  in  the  case 
of  electricity.  Taking  the  loss  of  effect  in  all  cases  as  50  per  cent, 
electric  transmission  presents  the  advantage  that  an  insulated  wire  does 
the  work  of  a  pipe  capable  of  withstanding  high  internal  pressure, 
which  latter  must  be  more  costly  to  put  down  and  to  maintain.  A 
second  metallic  conductor  is  required,  however,  to  complete  the  electri- 
cal circuit,  as  the  conducting  power  of  the  earth  alone  is  found  unre- 
liable for  ])assing  quantity  currents,  owing  to  the  effects  of  polariza- 
tion ;  but  as  this  second  conductor  need  not  be  insulated,  water  or  gas 
pil)es,  railway  metals  or  fencing  wire,  may  be  called  into  requisition 
for  the  j)urpose.  The  small  space  occuj)ied  by  the  electro-motor,  its 
high  working  speed,  and  the  absence  of  waste  products,  render  it 
specially  available  for  the  general  distribution  of  power  to  cranes  and 
light  machinery  of  every  description.  A  loss  of  effect  of  50  per  cent, 
does  not  stand  in  the  w'ay  of  such  applications,  for  it  must  be  remem- 
bered that  a  powerful  central  engine  of  best  construction  })roduces 
motive  power  with  a  consiunption  of  two  pounds  of  coal  per  horse- 
power per  hour,  wiiereas  small  engines  distributed  over  a  district  would 
consume  not  less  than  five;  we  thus  see  that  there  is  an  advantage  in 
favour  of  ela-tric  transmission  as  regards  fuel,  independently  of  the 
saving  of  labor  and  otlier  collateral  benefits. 

To  agriculture  electric  transmission  of  power  seems  well  adapted  for 
effecting  the  various  operations  of  the  farm  and  fields  from  one  centre. 
Having  worked  such  a  system  myself  in  combination  with  electric 
lighting  and  horticulture  for  u})wards  of  two  years,  I  can  speak  with 
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confidence  of  its  economy,  and  of  the  facility  with  which  the  work  is 
accomplished  in  charge  of  untrained  persons. 

As  regards  the  effect  of  the  electric  light  upon  vegetation  there  is 
little  to  add  to  what  was  stated  in  my  paper  read  before  Section  A  last 
year,  and  ordered  to  be  printed  with  the  report,  except  that  in  exjjeri- 
menting  upon  wheat,  barley,  oats,  and  other  cereals  sown  in  the  open 
air,  there  was  a  marked  difference  between  the  growth  of  the  plants 
influenced  and  those  uninfluenced  by  the  electric  light.  This  was  not 
very  apparent  till  towards  the  end  of  February,  when,  with  the  first 
appearance  of  mild  weather,  the  plants  under  the  influence  of  an  elec- 
tric lamp  of  4000  candle  power  placed  about  5  metres  above  the  sur- 
face, developed  with  extreme  rapidity,  so  that  by  the  end  of  May  they 
stood  above  4  feet  high,  with  the  ears  in  full  bloom,  when  those  not 
under  its  influence  were  under  2  feet  in  height,  and  showed  no  sign  of 
the  ear. 

In  the  electric  railway  first  constructed  by  Dr.  Werner  Siemens,  at 
Berlin,  in  1879,  electric  energy  was  transmitted  to  the  moving  carriage 
or  train  of  carriages  through  the  two  rails  upon  which  it  moved,  these 
being  sufficiently  insulated  from  each  other  by  being  placed  upon  well 
•creosoted  cross  sleepers.  At  the  Paris  Electrical  Exhibition  the  cur- 
rent was  conveyed  through  two  separate  conductors  making  sliding  or 
rolling  contact  Avith  the  carriage,  whereas  in  the  electric  railway  now 
in  course  of  construction  in  the  north  of  Ireland  (which  when  comple- 
ted will  have  a  length  of  twelve  miles)  a  separate  conductor  will  be 
provided  by  the  side  of  the  railway,  and  the  return  circuit  completed 
through  the  rails  themselves,  which  in  that  case  need  not  be  insulated; 
secondary  batteries  will  be  used  to  store  the  surplus  energy  created  in 
running  downhill,  to  be  restored  in  ascending  steep  inclines,  and  for 
passing  roadways  where  the  separate  insulated  conductor  is  not  practi- 
cable. The  electric  railway  possesses  great  advantages  over  horse  or 
steam-power  for  towns,  in  tunnels,  and  in  all  cases  where  natural 
sources  of  energy,  such  as  waterfalls,  are  available ;  but  it  would  not  be 
reasonable  to  suppose  that  it  will  in  its  present  condition  compete  with 
steam  propulsion  upon  ordinary  railways.  The  transmission  of  ])ower 
by  means  of  electric  conductors  possesses  the  further  advantage  over 
•other  means  of  transmission  that,  provided  the  resistance  of  the  rails  be 
not  very  great,  the  power  communicated  to  the  locomotive  reaches  its 
maximum  when  the  motion  is  at  its  minimum — that  is,  in  commencing 
to  work,  or  when  encountering  an  exceptional  resistance — whereas  the 
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utmost  economy  is  produced  in  the  normal  condition  of  working  -when 
the  velocity  of  the  power-absorbing  nearly  equals  that  of  the  current- 
producing  machine. 

The  deposition  of  metals  from  their  solutions  is  perhaps  the  oldest 
of  all  useful  applications  of  the  electric  current,  but  it  is  only  in  very 
recent  times  that  the  dynamo  current  has  been  practically  applied  to 
the  refining  of  cojiper  and  other  metals,  as  now  practi.sed  at  Birming- 
ham and  elsewhere,  and  upon  an  exceptionally  large  scale  at  Ocker,  in 
Germany.  The  dynamo  machine  there  employed  was  exhibited  at  the 
Paris  Electrical  Exhibition  by  Dr.  Werner  Siemens,  its  peculiar 
feature  being  that  the  conductors  upon  the  rotating  armature  consisted 
of  solid  bars  of  copper  80  mm.  square  in  section,  which  Avere  found 
only  just  sufficient  to  transmit  the  large  quantity  of  electricity  of  low 
tension  necessary  for  this  operation.  One  such  niachine  consuming  4 
horse-power  deposits  about  300  kilogrammes  of  copper  per  24  hours ; 
the  motive  power  at  Ocker  is  derived  from  a  waterfall. 

Electric  energy  may  also  be  employed  for  heating  purposes,  but  in 
this  case  it  would  obviously  be  impossible  for  it  to  compete  in  point  of 
economy  with  the  direct  combustion  of  fuel  for  the  attainment  of 
ordinary  degrees  of  heat.  Buusen  and  St.  Claire  De  Ville  have  taught 
us,  however,  that  combustion  becomes  extremely  sluggish  when  a  tem- 
perature of  1800°C.  has  been  reached,  and  for  effects  at  temperatures 
exceeding  tliat  limit  the  electric  furnace  will  probably  find  advantage- 
ous applications.  Its  specific  advantage  consists  in  being  apparently 
unlimited  in  the  degree  of  heat  attainable,  thus  opening  out  a  new  field 
of  investigation  to  the  chemist  and  metallurgist.  Tungsten  has  been 
melted  in  such  a  furnace,  and  8  pounds  of  platinum  have  been  reduced 
from  the  cold  to  the  liquid  condition  in  20  minutes. 

The  largest  and  most  extensive  application  of  electric  energy  at  the 
present  time  is  to  lighting,  but  considering  how  much  has  of  late  been 
said  and  written  for  and  against  this  new  illuminant,  I  shall  here  con- 
fine myself  to  a  few  general  remarks.  Joule  has  shown  that  if  an 
electric  current  is  passed  through  a  conductor  the  whole  of  the  energy 
lost  by  the  current  is  converted  into  heat ;  or,  if  the  resistance  be 
localized,  into  radiant  energy  comprising  hei\t,  liglit,  and  actinic  rays. 
Neither  the  low  heat  rays  nor  the  ultra-violet  (►f  highest  refrangii)ility 
afiect  the  retina,  and  may  be  regarded  as  lost  energy,  the  effective  rays 
being  those  between  the  red  and  violet  of  the  spectrum,  which  in  their 
combination  produce  the  effect  of  white  light. 
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Regarding  the  proportion  of  luminous  to  non-luniiDous  rays  proceed- 
ing from  an  electric  arc  or  incandescent  wire,  we  have  a  most  valuable 
investi<ration  hv  Dr.  Tvndall,  recorded  in  his  work  on  "Radiant 
Heat."  Dr.  Tyndall  shows  that  the  luminous  rays  from  a  platinum 
wire  heated  to  its  highest  point  of  incandescence,  which  may  be  taken 
at  1700°C.,  formed  ^V  part  of  the  total  radiant  energy  emitted,  and 
-jIq  part  in  the  case  of  an  arc  light  worked  by  a  battery  of  50  Grove's 
elements.  In  order  to  apply  these  valuable  data  to  the  case  of  electric 
lighting  by  means  of  dynamo-currents,  it  is  necessary  in  the  first  place 
to  determine  what  is  the  power  of  50  Grove's  elements  of  the  size  used 
by  Dr.  Tyndall,  expressed  in  the  practical  scale  of  units  as  now  estab- 
lished. From  a  few  experiments,  lately  undertaken  for  myself,  it 
^^ould  appear  that  50  such  cells  have  an  electro-motive  force  of  98'5 
Volts,  and  an  internal  resistance  of  13"5  Ohms,  giving  a  current  of  7-3 
Amperes  when  the  cells  are  short-circuited.  The  resistance  of  a  regu- 
lator such  as  Dr.  Tyndall  used  in  his  experiments  may  be  taken  at  10 

98-5 
Ohms,  the   current  produced   in  the   arc  would  be  ,  o.-i-ir)  i  -i  =  ^ 

Amperes  (allowing  one  Ohm  for  the  leads),  and  the  power  consumed 

10X4^^  160  Watts ;    the  light  power  of  such  an  arc  would  be  about 

150  candles,  and,  comparing  this  with  an  arc  of  3308  candles  produced 

/1162\  ,        . 

by  1162   Watts,    we   find    that  \~Jn7^),  ^-  ^-,   '''3  times  the  electric 

/3308\  .  ,  ^  ,.  ^ 

■energy  produce   \"Tc7f />  *•  *^-j  22  times  the  amount  of  light  measured 

horizontally.  If,  therefore,  in  Dr.  Tyndall's  arc  ^  of  the  radiant 
energy  emitted  was  visible  as  light,  it  follows  that  in  a  powerful  arc  of 

1  22-0  ,  -r         1  ^ 

3300  candles,  jt^X-^^  ,  or  f^^y  s?  are  luminous  rays.    In  the  case  ot 

the  incandescence  light  (say  a  Swan  light  of  20  candle  power)  we  find 
in  practice  that  9  times  as  much  power  has  to  be  expended  as  in  the 
case  of  the  arc  light;  hence  i  x^  =  2V  P^rt  of  the  power  is  given  out 
as  luminous  rays,  as  against  J^  in  Dr.  Tyndall's  incandescent  plati- 
num— a  result  sufficiently  approximate  considering  the  wide  difference 
of  conditions  under  which  the  two  are  compared. 

These  results  are  not  only  of  obvious  practical  value,  but  they  seem  to 
establish  a  fixed  relation  between  current,  temperature,  and  light  pro- 
duced, whicii  may  serve  as  a  means  to  determine  temperatures  exceed- 
ing the  melting  point  of  platinum  with  greater  accuracy  than  has  hith- 


Jan.,  1883.]  Scimcc  in  Relation  to  tJie  Arts.  63 

erto  been  possible  by  actin.i metric  methods  in  which  the  tliickness  of 
the  luminous  atn)o.sphere  must  neces.>^arily  exercise  a  disturbing  influ- 
ence. It  is  probably  owing  to  this  circumstance  that  the  temperature 
of  the  electric  arc  as  well  as  that  of  the  solar  ])hotosj)here  has  fre- 
<)uently  been  greatly  over-estimated. 

The  principal  argument  in  favor  of  the  electric  light  is  furnished  by 
its  immunity  from  products  of  combustion  which  not  only  heat  the 
lighted  apartments,  but  substitute  carbonic  acid  and  deleterious  sulphur 
com])ounds  for  the  oxygen  upon  which  respiration  depends;  the  elec- 
tric light  is  white  instead  of  yellow,  and  thus  enables  us  to  see  pictures, 
furniture,  and  flowers  as  by  daylight;  it  supports  growing  plants 
instead  of  poisoning  them,  and  by  its  means  we  can  carry  on  photo- 
graphy and  many  other  industries  at  night  as  woll  as  during  the  day. 
The  objection  frequently  urged  against  the  electric  light,  that  it  de})ends 
upon  the  continuous  motion  of  steam  or  gas  engines,  which  are  liable 
to  accidental  stoppage,  has  been  removed  by  the  introduction  into  prac- 
tical use  of  the  secondaiy  battery  ;  this,  although  not  embodying  a  new 
conception,  has  lately  been  greatly  improved  in  power  and  constancy 
by  Plante,  Faure,  Yolckmar,  Sellon,  and  others,  and  promises  to  accom- 
plish for  electricity  what  the  gas-holder  has  done  for  the  supply  of  gas 
and  the  accumulator  for  hydraulic  transmission  of  power. 

It  can  no  longer  be  a  matter  of  reasonable  doubt,  therefore,  that 
electric  lighting  will  take  its  place  as  a  public  illuminant,  and  that 
even  though  its  cost  should  be  found  greater  than  that  of  gas,  it  will 
be  preferred  for  the  lighting  of  drawing-rooms  and  dining-rooms, 
theatres  and  (;oncert-rooms,  museums,  churches,  warehouses,  show 
rooms,  printing  establishments  and  factories,  and  also  the  cabins  and 
engine-ro(nns  of  passenger  steamers.  In  the  cheaper  and  more  j)()w- 
crful  form  of  the  arc  'ight  it  has  proved  itself  superior  to  any  other 
illuminant  for  spreading  artificial  daylight  over  the  large  areas  of  har- 
bors, railway  station.s,  and  the  sites  of  public  works.  When  placed 
within  a  holophote  the  electric  lamp  has  already  become  a  powerful 
auxiliary  in  eft'ecting  military  0[)ci-ations  both  by  sea  and  land. 

The  electric  ligiit  may  be  woi'kcd  by  natural  soui'ces  of  power  such 
as  watertidls,  the  tidal  wave,  or  the  wind,  and  it  is  conceivable  that 
these  may  i)e  utilized  at  considerable  distances  by  means  of  metallic 
conductors.  .Some  five  years  ago  I  called  attention  to  the  vastne.ss  of 
those  sources  of  energy,  and  the  facility  offered  by  electrical  conduction 
in   rendering  them  availal)le  for  lighing  and   ])ower-sup])ly,  \\liile  Sir 
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William  Thomson  made  this  important  matter  the  subject  of  his  admi- 
rable address  to  Section  A  last  year  at  York,  and  dealt  with  it  in  an 
exhaustive  manner. 

The  advantages  of  the  electric  light  and  of  the  distribution  of  power 
by  electricity  have  lately  been  recognized  by  the  British  government^ 
who  have  just  passed  a  bill  tiirough  parliament  to  facilitate  the  estab- 
lishment of  electrical  conductors  in  town,  subject  to  certain  regulating 
clauses  to  protect  the  interests  of  the  public  and  of  local  authorities. 
Assuming  the  cost  of  electric  light  to  be  practically  the  same  as  gas, 
the  preference  for  one  or  other  will  in  each  application  be  decided  upon 
grounds  of  relative  convenience,  but  I  venture  to  think  that  gas-light- 
ing will  hold  its  own  as  the  poor  man's  friend. 

Gas  is  an  institution  of  the  utmost  value  to  the  artisan  ;  it  requires 
hardly  any  attention,  is  supplied  upon  regulated  terms,  and  gives  with 
what  should  be  a  cheerful  light  a  genial  warmth,  which  often  saves  the 
lighting  of  a  fire.  The  time  is  moreover  not  far  distant,  I  venture  to 
think,  when  both  rich  and  poor  will  largely  resort  to  ga.s  as  the  most 
convenient,  the  cleanest,  and  the  cheapest  of  heating  agents,  and  when 
raw  coal  will  be  seen  only  at  the  colliery  or  the  gas  works.  In  all 
cases  where  the  town  to  be  supplied  is  within  say  30  miles  of  the  col- 
liery, the  gas  works  may  with  advantage  be  planted  at  the  mouth,  or 
still  better  at  the  bottom  of  the  pit,  whereby  all  haulage  of  fuel  would 
•be  avoided,  and  the  gas,  in  its  ascent  from  the  bottom  of  the  colliery, 
would  acquire  an  onward  pressure  sufficient  })robably  to  impel  it  to  its 
destination.  The  possibility  of  transporting  combustible  gas  through 
pipes  for  such  a  distance  has  been  proved  at  Pittsburg,  where  natural 
gas  from  the  oil  district  is  used  in  large  quantities. 

The  quasi  monopoly  so  long  enjoyed  by  gas  companies  has  had  the 
inevitable  eff'ect  of  checking  progress.  The  gas  being  supplied  by 
meter,  it  has.  been  seemingly  to  the  advantage  of  the  companies  to  give 
merely  the  prescribed  illuminating  power,  and  to  discourage  the  inven- 
tion of  economical  burners,  in  order  that  the  consumption  might  reach 
a  maximum.  The  application  of  gas  for  heating  purposes  has  not  been 
encouraged,  and  is  still  made  difficult  in  consequence  of  the  objection- 
able practice  of  reducing  the  pressure  in  the  mains  during  day-time  to 
the  lowest  possible  point  consistent  with  prevention  of  atmospheric 
indraught.  The  introduction  of  the  electric  light  has  convinced  gas 
managers  and  directors  that  such  a  policy  is  no  longer  tenable,  but 
must  give  way  to  one  of  technical  progress ;  new  processes  for  cheap- 
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■ening  the  production  and  increasing  the  purity  and  illuminating  power 
of  gas  are  being  fully  discussed  before  the  Gas  Institute ;  and  improved 
burners,  rivaling  the  electric  light  in  brilliancy,  greet  our  eyes  as  we 
pass  along  our  principal  thoroughfares. 

Regarding  the  importance  of  the  gas  supply  as  it  exists  at  present, 
■we  find  from  a  government  return  that  the  capital  invested  in  gas 
works  in  England,  other  than  those  of  local  authorities,  amounts  to 
30,000,000/.;  in  these  4,281,048  tons  of  coal  are  converted  annually, 
producing  43,000  million  cubic  feet  of  gas,  and  about  2,800,000  tons 
of  coke ;  whereas  the  total  amount  of  coal  annually  converted  in  the 
United  Kingdom  may  be  estimated  at  9,000,000  tons,  and  the  by-pro- 
ducts therefrom  at  500,000  tons  of  tar,  1,000,000  tons  of  ammonia 
liquor,  and  4,000,000  tons  of  coke,  according  to  the  returns  kindly 
furnished  me  by  the  managers  of  many  of  the  gas  works  and  corpora- 
tions. To  these  may  be  added  say  120,000  tons  of  sulphur,  which  up 
to  the  present  time  is  a  waste  product. 

Previous  to  the  year  1856 — that  is  to  say,  before  Mr.  W.  H.  Perkin 
had  invented  his  practical  process,  based  chiefly  upon  the  theoretical 
investigations  of  Hoffman,  regarding  the  coal  tar  bases  and  the  chemi- 
•cal  constitution  of  indigo — the  value  of  coal-tar  in  London  was  scarcely 
a  half-penny  a  gallon,  and  in  country  places  gas-makers  were  glad  to 
give  it  away.  Up  to  that  time  the  coal-tar  industry  had  consisted 
chiefly  in  separating  the  tar  by  distillation  into  naphtha,  creosote,  oils, 
and  pitch.  A  few  distillers,  however,  made  small  quantities  of  ben- 
zene, which  had  been  first  shown — by  Mansfield,  in  1849 — to  exist  in 
■coal-tar  naphtha  mixed  with  toluene,  cumene,  etc.  The  discover}',  in 
1856,  of  the  mauve  or  aniline  purple  gave  a  great  impetus  to  the  coal- 
tar  trade,  inasmuch  as  it  necessitated  the  separation  of  large  quantities 
of  benzene,  or  a  mixture  of  benzene  and  toluene,  from  the  naphtha. 
The  trade  was  further  increased  by  the  discovery  of  the  magenta  or 
rosaniline  dye,  which  required  the  same  jiroducts  for  its  preparation. 
In  the  meantime,  carbolic  acid  was  gradually  introduced  into  com- 
merce, chiefly  as  a  disinfectant,  but  also  for  the  production  of  coloring 
matter. 

The  next  most  important  development  arose  from  the  discovery  by 
Orsebe  and  Liebermann  that  alizarine,  the  coloring  principle  of  the 
madder  root,  was  allied  to  antiiraocnc,  a  hydrocarbon  existing  in  coal- 
tar.  The  production  of  this  coloring  matter  from  anthracene  followed, 
and  is  now  one  of  the  most  important  ()j)erations  connected  with  tar 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  5 
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distilling.  The  success  of  the  alizarine  made  in  this  manner  has  been 
so  great  that  it  has  almost  entirely  superseded  the  use  of  madder,  which 
is  now  cultivated  to  only  a  comparatively  small  extent.  The  most 
important  coloring  matters  recently  introduced  are  the  azo-scarlets. 
They  have  called  into  use  the  coal-tar  hydrocarbons,  xylene  and  cumene. 
Napthalene  is  also  used  in  their  preparation.  These  splendid  dyes 
have  replaced  cochineal  in  many  of  its  applications,  and  have  thus 
seriously  interfered  with  its  use.  The  discovery  of  artificial  indigo  by 
Professor  Baeyer  is  of  great  interest.  For  the  preparation  of  this 
coloring  matter  toluene  is  required.  At  present  artificial  indigo  does 
not  compete  seriously  Avith  the  natural  product ;  but  should  it  eventu- 
ally be  prepared  in  quantity  from  toluene  a  further  stimulus  will  be 
given  to  the  coal-tar  trade. 

The  color  industry  utilizes  even  now  practically  all  the  benzene,  a. 
large  proportion  of  the  solvent  naphtha,  all  the  anthracene,  and  a  por- 
tion of  the  naphthaline  resulting  from  the  distillation  of  coal-tar  ;  and 
the  value  of  the  coloring  matter  thus  produced  is  estimated  by  Mr. 

Perkin  at  3,350,000^. 

(To  be  continued.) 


THE  CHEMISTRY  OF  THE  PLANTS  AND  FAURE 
ACCUMULATORS.* 


By  J.  H.  Gladstone  and  Alfred  Tribe. 


Part  IV. — The  Function  of  Sulphate  of  Lead. 

In  our  ])revious  communications  on  the  chemistry  of  the  lead  and 
peroxide  batteries  we  have  frequently  remarked  on  the  formation  of 
lead  sulphate  and  its  importance  in  the  history  of  a  cell. 

In  Part  I  (this  journal,  vol.  cxiv,  p.  219)  we  showed  that  the  local 
action  that  takes  place  at  first  energetically  between  the  metallic  lead 
and  the  peroxide  is  gradually  diminished  by  the  formation  of  sulphate 
of  lead. 

In  Part  II  (vol.  cxiv,  p.  223)  we  stated  that  in  the  original  forma- 
tion of  a  Faure  cell,  sulphate  of  lead  is  oxidated  on  the  one  plate  and 
reduceil  on  the  other.  We  also  described  an  experiment  in  which  twa 
platinum   plates  were  covered  with  lead-sulphate,  immersed  in  dilute 

*  London  Nature,  Oct.  19,  1882. 
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sulphuric  acid,  and  placed  in  the  circuit  of  a  galvanic  current ;  the 
result  being  that  "  the  white  sulphate  was  decomposed  to  a  large  extent 
on  each  plate,  the  positive  being  covered  with  deep  chocolate-colored 
peroxide,  the  negative  with  gray  spongy  kad." 

In  Part  III  (vol.  cxiv,  j).  229)  we  showed  that  on  the  discharge  of 
a  cell,  lead  sulphate  is  the  nltimate  ])roduct  on  both  plates. 

It  might  naturally  be  inferred  from  our  previous  statements  that  in 
the  recharging  of  a  cell  this  lead  sulphate  would  be  oxidated  on  the 
one  plate  and  reduced  on  the  other  as  in  the  original  formation.  This 
matter,  however,  has  given  rise  to  some  controversy.  All  subsequent 
experimenters  admit  the  oxidation  of  the  lead-sulphate,  but  Dr.  Oliver 
Lodge  could  not  obtain  any  reduction  of  it  when  pure  sulphate  was 
employed.  Sir  William  Thomson  also,  when  experimenting,  with  two 
platinum  plates  and  layers  of  sulphate,  obtained  only  a  doubtful  indi- 
cation of  reduced  metal.  The  question  as  to  whether  the  sulphate  is 
reduced  or  not,  on  recharging  a  Faure  cell  is  one  of  vital  importance ; 
for  if  the  sulphate  formed  at  each  discharge  accumulates  on  the  positive 
plate  it  would  clog  up  the  space,  and,  what  is  perhaps  worse,  a  fresh 
surface  of  the  lead  would  have  to  be  oxidated  (or  rather,  converted 
into  sulphate)  at  each  discharge.  Thus  the  positive  plate  will  be  con- 
tinually corroded,  and  its  life  will  be  limited. 

We  have  already  replied  to  Dr.  Lodge  in  Xatiive  (vol.  xxvi,  p.  342), 
but  we  thought  it  desirable  to  repeat  the  experiment  with  the  platinum 
plates,  especially  with  a  view  to  determine  whether  the  reduction  was 
effected  slowly  or  with  any  rapidity.  A\'e  fastened  20  grammes  of  the 
Avhite  sulphate  upon  a  negative  plate  by  binding  it  round  tightly  with 
parchment-paper,  placed  it  vertically  in  the  sulphuric  acid,  and  passed 
a  continuous  current  of  .somewhat  under  an  Ampere.  The  hydrogen 
was  at  no  time  wholly  absorbed — indeed  the  greater  part  of  it  certainly 
escaped — but  after  the  lapse  of  twenty-four  hours,  small  patches  of 
gray  metallic  lead  became  distinctly  visible  through  the  wet  parchment- 
paper;  and  these  gradually  spread  in  an  irregular  manner.  At  the 
end  of  ten  days  it  was  found  that  the  whole  of  the  sulj)hate,  except  a 
few  small  ])atches  on  the  surface,  was  reduced  to  a  gray  spongy  mass. 
Although  there  could  be  no  rea.sonablc  doubt  that  this  was  metallic 
lead,  a  j)orti()n  of  it  was  tested  chemically,  and  proved  to  be  such. 

It  thus  appears  that  the  reduction  of  the  pure  sulphate  of  lead  is  an 
ab.solute  fact,  although  it  docs  not  take  place  so  easily  as  the  oxidation. 

In  an  actual  cell  the  sulphate  of  lead  is  of  course  mixed  with  other 
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bodies.  Thus,  in  the  formation  of  a  Faure  battery,  the  minium  is 
converted  by  the  sulphuric  acid  more  or  less  completely  into  peroxide 
of  lead  and  sulphate.  We  have  already  described  an  experiment  in 
which  4489  cc.  of  hydrogen  were  absorbed  on  a  plate,  the  materials  of 
which  were  capable  of  absorbing  only  4574  cc,  if  the  whole  sulphate 
as  well  as  the  peroxide  was  reduced.  In  our  note-book  we  have  the 
particulars  of  four  other  experiments  made  in  each  case  with  the  same, 
or  nearly  the  same,  amount  of  material,  in  which  4199,  4575,  4216, 
and  4387  cc.  respectively  were  absorbed,  although  perhaps  in  not  one 
of  these  cases  was  the  experiment  continued  until  the  action  was  abso- 
lutely complete.  As,  however,  it  may  be  objected  that  the  amount  of 
sulphate  produced  upon  these  plates  was  an  unknown  quantity,  we 
have  in  a  recent  experiment  treated  the  minium  in  the  first  instance 
with  a  considerable  amount  of  sulphuric  acid.  This  gave  us  a  mixture 
which,  on  analysis,  was  found  to  contain  18*5  per  cent,  of  sulphate  of 
lead.  This  mixture  when  submitted  to  the  reducing  action  of  a  current 
yielded  a  mass  of  spongy  lead  that  contained  only  a  mere  trace  of 
sulphate. 

As  it  seemed  desirable  fully  to  establish  the  fact  that  the  sulphate 
of  lead  formed  on  the  discharge  of  a  cell  is  reduced  in  the  subsequent 
charging,  we  took  the  quondam  lead  plate  of  a  fully  discharged  cell, 
determined  the  proportion  of  sulphate  to  unaltered  spongy  lead,  and 
submitted  it  to  the  reducing  action  of  a  current.  The  amount  of  sul- 
phate on  the  plate  before  passing  the  current  was  found  to  be  51  per 
cent.,  but,  after  the  passage  of  a  current,  of  about  an  ampere  for  60 
hours,  not  a  trace  of  it  remained. 

Hence  it  may  be  concluded  that,  during  the  alternate  discharging 
and  recharging  of  a  Plante  or  Faure  cell,  sulphate  of  lead  is  alternately 
formed  and  reduced  on  the  lead  plate,  and  that  the  plate  itself  is  not 
seriously  corroded.  It  would,  however,  appear  desirable  not  to  allow 
the  whole  of  the  spongy  lead  to  be  reduced  to  sulphate  during  the  dis- 
charge for  two  reasons,  viz.:  (1)  because  the  supporting  ])late  stands  a 
chance  of  being  itself  acted  on  if  there  is  not  a  sufficient  excess  of 
spongy  metal ;  and  (2)  because  the  presence  of  this  excess  tends  to 
facilitate  the  reduction  of  the  sulphate. 

We  have  already  shown  that  sulphate  of  lead  is  produced  by  the 
local  action  that  takes  place  between  the  peroxide  and  its  sujiportiiig 
lead  plate  during  repose.  The  same  local  action  also  takes  place 
during  the  charging  of  the  plate,  as  was  pointed  out  in  our  second 
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communication,  and  this  sulphate  is,  in  its  turn,  attacked  by  the  elec- 
trolytic oxygen.  In  this  way  the  absorption  of  oxygen  in  forming  the 
negative  plate  ought  never  to  come  to  an  end.  In  order  to  see  whether 
this  was  the  case,  we  allowed  an  experiment  to  continue  for  115  hours, 
although  the  main  action  was  over  in  about  40  hours.  For  the  last 
two  days  of  the  experiment,  the  amount  of  oxygen  absorbed  was  pretty 
constant,  being  about  9  cc.  per  hour,  which  is  equivalent  to  0'24 
grammes  of  sulphate  of  lead  formed  and  oxidated.  The  whole  charge 
on  the  plate  was  40  grammes  of  peroxide.  This  local  action  also  takes 
place  during  the  discharge,  as  is  evidenced  by  the  sulphate  of  lead 
formed  on  the  negative  plate  always  exceeding  in  amount  that  formed 
on  the  positive  plate. 

Through  this  local  action  taking  place  during  the  formation  of  the 
cell,  during  repose,  and  during  the  discharge,  the  lead  plate  which 
supports  the  peroxide  must  be  continually  corroded  more  and  more ; 
and  it  is  probably  due  to  the  insolubility  of  the  sulphate  formed  that 
the  destruction  of  this  kind  of  secondary  battery  is  so  materially 
retarded  in  practice. 


Contribution  of  Astronomy  to  the  Solution  of  a  Mole- 
cular Problem. — Pictet's  consideration  of  the  temperature  of  a  body 
as  resulting  from  the  mean  amplitude  of  its  molecular  oscillations 
enables  him  to  ex[)lain  and  deduce  all  the  essential  laws  of  thermody- 
namics, Dulong  and  Petit's  law,  the  law  of  isomorphism  in  systems  of 
crystallization,  the  relations  which  unite  coefficients  of  dilatation  with 
atomic  weight,  etc.  Under  this  view,  specific  heat  becomes  the  mani- 
festation of  the  attraction  of  molecules  for  one  another;  by  multiply- 
ing the  space  traversed  (temperature)  by  the  molecular  force  (specific 
heat)  we  obtain  the  total  heat  or  absolute  quantity  of  work  which  the 
body  contains.  Hence,  consequently,  arises  a  question  of  the  first 
injportance :  Is  the  mutual  attraction  of  particles  of  matter  a  funda- 
mental and  essential  property  of  matter  itself,  or  is  it  only  the  result 
of  dynamic  action  of  the  medium  in  which  it  is  found?  Pictet  sug- 
gests various  astronomical  observations  which  seem  likely  to  contri- 
bute to  a  solution  of  this  question.  [Chase's  discovery  of  the  velo- 
city of  light  in  tiie  coefficient  of  solar  torsion  [Proc.  Am.  Phil.  Soc, 
A]m\  21,  1882,  note  162)  points  to  the  photodynaniic  action  of  the 
lethereal  medium.] — Ann.  de  C'him.  et  de  Phys.,  April,  1882. 
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The  Electric  Arc  in  Vapor  of  Sulphuret  of  Carbon.— Jamin 

and  ]\Ianeiivrier  introduced  a  few  drops  of  sulphuret  of  carbon  into 
Geissler  tubes,  so  as  slightly  to  increase  the  pressure,  and  thus  obtained 
a  light  of  great  brilliancy.  On  looking  at  it  with  smoked  glass,  they 
saw  a  brilliant  arc  resembling  a  horse-shoe  or  a  capital  omega.  The 
points  of  the  two  carbons  appeared  red  and  very  brilliant ;  but  the  arc 
was  of  a  pale  green,  and  as  its  light  surpassed  that  of  the  carbons,  the 
whole  hall  was  illuminated  with  its  tint  as  it  would  have  been  by  a 
copper  Bengal  light.  The  brilliancy  increased  with  the  increasing 
tension  of  the  vapor,  until  it  became  intolerable ;  but  as  the  resistance 
increased  at  the  same  time,  the  arc  was  often  extinguished,  and  it  was 
necessary  frequently  to  renew  it  by  bringing  the  two  carbons  together. 
It  is  not  likely  that  the  light  can  be  advantageously  used,  unless  for 
light-houses  or  signals  at  a  distance. — Comptes  Mendus,  xcv,  6.      C. 

Surface  Temperatures  in  Paris.— Edmond  and  Henri  Becquerel 
have  presented  to  the  French  Academy  their  observations  upon  the 
temperatures  of  the  air  and  earth  during  the  year  1880.  They  find 
that  at  the  upper  surface  of  the  ground,  when  covered  with  snow,  the 
temperature  was  maintained  almost  constantly  in  the  neighborhood  of 
— 1°C.  and  did  not  fall  below — 1*5°,  although  the  temperature  of  the 
air  as  well  as  that  of  the  upper  surface  of  the  snow  varied  from — 15° 
to  0°.  The  diurnal  variations  of  temperature  at  the  surface  of  the 
soil  were  perceptible  under  a  mass  of  snow  of  "25  metre  thickness 
(9*84  inches),  but  they  never  exceed  a  few  tenths  of  a  degree;  more- 
over, the  differences  in  the  observed  temperatures  at  different  depths  in 
the  snow  varied  nearly  in  proportion  to  the  depth.  These  results 
show  that  a  bed  of  snow,  when  the  temperature  is  below  0°C.  has  a 
feeble  conductivity  and  behaves  like  a  conducting  body  traversed  by  a 
calorific  w^ave.  Under  a  surface  which  is  covered  by  turf  the  varia- 
tions are  much  more  feeble  than  under  a  surface  of  gravel  or  loam. 
The  network  of  rootlets  constitutes  an  almost  complete  non-con- 
ductor. Each  bed  of  soil  is  submitted  to  the  influence  of  two  calorific 
effects ;  one  due  to  the  variations  of  external  temperature,  the  other 
to  the  action  of  the  deep  layers  which  tend  to  produce  a  constant 
temperature.  The  amplitude  of  thermometric  oscillation  which  results 
from  these  complex  effects  when  there  is  any  disturbing  influence, 
such  as  an  infiltration  of  water,  varies  inversely  with  the  depth  of  the 
bed. —  Comptes  Rendus.  C. 


Jan.,  1883.]  Widening  of  the  Hydrogen  Rays.  71 

The  Stone  Age  in  China.— The  annals  of  the  Tung  dynasty, 
which  was  established  A.  D.  618,  speak  of  stone  axes,  knives  and 
swords.  The  annals  of  the  Youen  dynasty  (A.  D.  12G0  to  1341) 
mention  soldiers  Avho  used  stone  arrows  in  fighting.  In  a  Chinese 
dictionary  which  was  published  in  1726  arrows  are  also  spoken  of 
which  were  pointed  by  a  black  stone.  Stone  arrows  were  sent  to  the 
Emperor  Hou  Hang,  B.  C.  1100,  and  the  Chinese  books  speak  of 
some  knives  and  hatchets  of  a  still  greater  antiquity. — Les  MondeSj 
xxxi,  626.  '  C. 

Hydrodynamic    Imitation    of    Electric    Phenomena. — 

Decliarme  compares  the  experiments  of  Bjerknes  upon  hydro-elec- 
tricity and  hydromagnetism  with  some  observations  of  his  own,  in 
which  he  substitutes  liquid  currents,  continuous  or  interrupted,  for 
pulsating  or  vibrating  bodies.  By  various  ingenious  contrivances  he 
produces  hydro-electro  magnets  with  continuous  or  discontinuous  cur- 
rents, hydrodynamic  vibrations,  hydo-electro  magnets  with  similar  or 
with  contrary  poles  and  with  single  or  with  multiple  nuclei  manifest- 
ing all  the  phenomena  of  attraction,  repulsion,  vibratory  movement, 
hydro-induction  and  the  action  of  currents  upon  each  other. — Ann.  de 
Chim.  et  de  Phys.,  April,  1882. 

Widening  of  the  Hydrogen  Rays.— Lockyer  and  most  astron- 
omers attribute  the  widening  of  the  spectral  rays  of  hydrogen  to  the 
influence  of  pressure,  while  others,  among  whom  was  Secchi,  think 
that  the  phenomenon  is  influenced  both  by  pressure  and  by  tempera- 
ture. Cailletet,  in  experimenting  upon  hydrogen  with  the  electric 
spark,  found  that  the  spectral  rays  varied  somewhat  in  proportion  to 
the  pressure.  But  as  the  temperature  of  the  spark  increases  M'ith  the 
pressure  his  experiments  were  inconclusive.  The  same  may  be  said  of 
the  tubes  filled  with  rarefied  hydrogen,  which  were  employed  by 
Pliicker,  Hittorf,  Secchi,  AViillner,  etc.  At  a  certain  pressure,  which 
was  differently  estimated  by  each  observer,  the  rays  broaden,  and  they 
become  wider  still  if  the  tube  is  traversed  by  the  spark  of  the  Leyden 
jar,  the  temperature  of  which  is  more  elevated.  1).  von  Monckhoven 
reports  a  summary  of  numerous  and  varied  experiments,  from  which 
he  draws  the  conclusion  that  the  widening  of  the  rays  is  absolutely 
independent  of  the  temperature  and  is  due  solely  to  the  })ressure. — 
'Comptea  Rendus,  xcv,  378.  C. 
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Franklin    Institute. 


Hall  of  the  Institutk,  December  20,  1882. 

The  stated  meeting  of  the  Institute  was  held  this  evening  at  the 
usual  hour,  with  the  President,  Mr.  Wm.  P.  Tatham,  in  the  chair. 

There  were  present  208  members  and  40  visitors. 

The  minutes  of  the  last  stated  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  stated  meeting  held  December  13th  11  persons  had 
been  elected  as  members.  He  likewise  reported  the  resignation  of  Mr. 
Frederick  Fraley  as  Treasurer  of  the  Institute,  to  take  effect  upon  the 
installation  of  his  successor  after  the  annual  election  in  January,  1883. 

Mr.  Wm.  V.  McKean,  thereupon,  after  alluding  in  very  compli- 
mentary terms  to  the  long  and  faithful  service  of  Mr.  Fraley,  offered 
the  following  resolutions,  which  were  seconded  by  Mr.  Hector  Orr, 
with  appropriate  remarks,  viz. : 

Resolved  by  the  Franklin  Institute,  December  20,  1882  : 

1 .  That  the  Institute  hears  with  very  great  regret  the  resignation  by 
Frederick  Fraley  of  the  office  of  Treasurer,  to  which  he  was  first 
elected  in  1830,  and  the  duties  of  which  he  has  discharged  with  marked 
ability,  zeal  and  fidelity  for  thirty-six  of  the  intervening  fifty-two 
years. 

2.  That  the  Institute  accepts  the  resignation  of  Mr.  Fraley,  and 
tenders  to  him  this  expression  of  the  gratitude  and  thanks  of  its  mem- 
mers  for  his  labors  of  love  of  so  many  years,  and  their  best  wishes  for 
his  enjoyment  of  many  years  to  come. 

3.  That  the  Board  of  Managers  be  requested  to  have  these  resolu- 
tions engrossed  and  presented  to  Mr.  Fraley. 

The  above  resolutions  were  unanimously  adopted. 

The  Actuary  also  read  a  letter  from  Mr.  W.  F.  Dubois,  resigning 
his  membership  in  the  Board  of  Managers.  An  election  was  there- 
upon held  to  fill  the  vacancy,  which  resulted  in  the  choice  of  Dr. 
Isaac  Xorris. 

Upon  the  call  for  reports  from  Standing  Committees,  the  Secretary 
reported  from  the  Committee  on  Science  and  the  Arts,  that  the  Com- 
mittee had  recommende<^^l  the  award  of  a  Certificate  of  Merit  to  Alfred 
Wilkinson  for  his   Metallic  Piston   Rod   Packing,  and  to   Wm.    R^ 
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Fowler  for  his  Cloth  Cutting  INIachine.     The  award  was,   in  both 
cases,  approved. 

]Mr.  Wm.  V.  McKean,  from  the  Committee  on  Sections,  made  the 
following  report : 

Hall  of  the  Frankliii  Institute,  December  18,  1882. 

A  meeting  of  the  Committee  on  "Sections"  was  held  this  date  at 
the  Hall.     Present :  Messrs.  Marks,  Thorne,  and  McKean. 

After  discussion,  it  was  resolved  to  recommend  that  "Sections"  be 
instituted  as  follows : 

(1)  Sanitary  Engineering — Avith  special  reference  to  household 
plumbing  and  drainage,  and  connecting  private  and  public  sewerage. 

(2)  Ventilation — with  the  vicAV  of  correcting  wastage  of  fuel  for 
heating  purposes;  the  withdrawing  of  damaging  currents  of  cold  air; 
and  the  injurious  effects  produced  in  some  instances  in  the  sick  chamber, 
and  in  hospital  wards,  by  the  uj)ward  draught  of  noxious  matter. 

(3)  Road  Making — with  reference  to  the  paving  of  cities,  and 
especiallv  for  suggestions  of  improvement  in  the  paving  of  Phila- 
delphia.' W.  Y.  McKean, 

Chairman  Committee  on  Sections. 

The  following  nominations  were  made  for  officers,  to  be  chosen  at 
the  annual  election  in  January :  President,  Wm.  P.  Tatham  ;  Vice 
President,  Frederick  Graff;  Secretary,  Dr.  Wm.  H.  Wahl ;  Treasurer,^ 
Samuel  Sartain ;  Managers,  E.  J.  Houston,  William  H.  Thorne,  Per- 
sifor  Frazer,  Enoch  Lewis,  William  Helme,  C.  H.  Banes,  John  J. 
Weaver,  Frederick  Fraley,  James  Dougherty,  G.  Morgan  Eldridge; 
Auditor,  AVm.  A.  Cheyney. 

The  Secretary's  report  embraced  the  following  noteworthy  novelties : 
Sleeman's  Gas  Governor,  exhibited  by  the  Philadelphia  Gas  Saving 
Company.  The  device  is  a  meter  governor,  as  distinguished  from  a 
burner  governor,  and  is  intended  to  automatically  regulate  the  pressure 
of  gas  so  as  to  prevent  blowing  and  waste  of  gas,  while  at  the  same 
time  insuring  a  more  steady  an<l  uniform  flame.  The  governor,  for 
actual  use,  is  made  of  brass,  with  a  balance  valve  and  float  sealed  in 
glycerine.  In  addition  to  the  brass  governor,  one  made  of  glass  was 
exhibited  that  its  oi)erations  might  be  seen.  A  gauge  was  also  pro- 
vided whereby  it  was  shown  that  the  pressure  was  maintained  as  nearly 
as  possible  constant,  no  matter  whether  one  or  a  dozen  burners  were  in 
use. 
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The  Chamberlain  Automatic  Pressureo-gverning  Gas  Burner  was 
also  shown.  It  has  an  arrangement  of  a  floating  valve  in  the  burner, 
whereby  the  pressure  at  the  tip  of  the  burner  is  kept  constant,  uot- 
withstanding  variations  of  pressure  in  the  main. 

Samples  of  Loiseau's  patent  fuel  were  exhibited,  and  the  Secretary 
stated  that  the  fuel  is  now  being  successfully  manufactured  at  the  com- 
pany's works  at  Port  Pichmond,  and  that  the  demand  exceeds  the 
<3apacity  of  the  works.  It  is  made  into  egg-shaped  lumps,  anthracite 
coal  dust  being  mixed  with  a  small  quantity  of  bituminous  coal  dust 
and  coal  tar  pitch. 

AVm.  T.  McRae's  friction  clutch,  the  Monitor  Heat  and  Gas  Pegula- 
tor,  samples  of  silk  from  Nellie  Lincoln  Possiter,  and  John  G.  Ave- 
ry's Multiple  Wire  Belting  for  sewing  machines  and  other  machinery, 
■Charles  Kennedy's  Belt  Fastener,  etc.,  were  also  exhibited. 

Mr.  Hugo  Bilgram  showed  two-gear  Avheels,  made  by  a  machine, 
the  principles  of  which  he  described  before  the  Institute  about  a  year 
ago,  w^hen  he  exhibited  an  odontograph  for  laying  out  gear 
w^heels.  He  stated  at  the  time  that  it  could  be  easily  adapted  to  cut 
the  teeth  automatically,  and  he  has  since  constructed  the  machine, 
which  he  states  produces  theoretically  perfect  gear  wheels  that  gear 
together  as  perfectly  as  the  limitations  upon  the  absolute  accuracy  of 
machinery  will  permit. 

Blodgett  Bros.  &  Co.  exhibited  an  electric  signal  clock,  now  in  use 
in  the  stations  of  the  New  York  and  New  England,  and  Boston  and 
Albany  railroads  for  signaling  the  time  of  the  departure  of  trains. 
An  upright  cylinder  of  brass  contains  1440  holes  arranged  on  24  spi- 
rals (one  for  each  hour).  Brass  pegs  are  put  into  the  holes  represent- 
ing the  minute  when  a  gong  is  to  be  sounded.  Through  these  pegs 
connection  is  made  with  an  electrical  circuit,  which  is  thus  completed 
and  brings  into  play  an  electro-magnet,  whereby  the  gong  is  sounded. 
Arrangement  is  made  for  a  change  of  time  on  Sunday,  which  is  worked 
automatically.  The  apparatus  was  shown  at  work,  and  gave  a  satis- 
factory performance.  Two  forms  of  the  same  device  were  shown. 
They  were  connected  with  Mr.  Spellier's  standard  clock,  used  at  the 
Institute  for  operating  his  Time  Telegraph. 

Chambers'  Bros,  brick  machine,  as  recently  improved,  was  exhibited, 
making  bricks  one-fourth  the  size  of  a  Philadelphia  brick.  It  has  a 
sanding  box,  recently  added,  which  sands  the  bar  of  clay  as  it  issues 
from  the  mould,  before  it  is  cut  to  brick  lengths. 
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Mr.  Chambers  gave  an  interesting  description  of  the  practical  diffi- 
culties overcome  in  adapting  the  macliinerv  to  work  all  kinds  of  clay, 
just  as  it  comes  from  the  bank.  The  machinery  is  entirely  automatic. 
Clay  is  fed  into  a  hopper,  and  without  furtlier  handling  comes  out  on 
an  endless  traveling  belt  a  perfectly  moulded  and  sanded  brick,  ready 
to  be  dried  and  baked. 

Mr.  Chambers  also  exkibited  samples  of  brick  of  various  forms, 
and  some  of  them  made  with  large  admixture  of  iron  ore,  and  dis- 
played on  the  screen  diagrams  of  machines  similar  to  those  for  brick 
making,  intended  to  be  employed  in  moulding  artificial  fuel  in  any 
desired  form.  He  also  stated  that  one  of  the  machines  was  employed 
with  excellent  results  at  Lebanon  in  compressing  iron  ore  that  in  its 
natural  state  would  clog  the  furnaces,  but  can  be  usetl  to  good  advan- 
tage if  first  moulded  into  bricks  of  convenient  form. 

The  meeting  was  thereupon  adjourned. 

William  H.  "Wahl,  Secretary. 
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Abbe,  C.     Report  on  the  Solar  Eclipse  of  July,  1878.     Washington. 
188L  Presented  by  the  Signal  Service. 

Agriculture  of  the  United  States  in  18G0.     Washington. 

Presented  by  the  Census  Bureau. 

Allen,  J.  A.     North  American  Pinnepeds.     Washington.     1880. 
Presented  by  the  Department  of  the  Interior. 

American   Journal  of  Science  and   Arts.      2d   Ser.      I860   to   1865. 
Odds.  Presented  by  C.  E.  Smith,  Philadelphia. 

American    Philosophical   Society.     Proceedings.     No.   77.     Vol.  10. 
1867.  Presented  by  C.  E.  Smith,  Philadelphia. 

Andres,  E.     Fabrication  of  Volatile  and   Fat  Varnishes.     Philadel- 
phia.    1882. 

Arctic  Regions,  Contributions  to  our  Knowledge  of  the  Meteorology 
of  the.     London,  1882. 

Presented  by  Meteorological  Council  of  the  Koyal  Society. 

Baker,  B.     Lateral  Pressure  of  Earthwork.     New  York.     1882. 

Ballard,  R.     Solution  of  Pyramid  Problem.     New  York.     1882. 

l*re.sented  bv  the  Author. 
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Barham  and  Pitman.     Gospel  Epik.     London.     1881. 

Presented  by  Isaac  Pitman. 

Berlioz,  H.     Modern    Instrumentation  and   Orchestration.      3d    Ed. 
Boston.  Presented  by  E.  J.  Clieeseman. 

Blythe,  A.  W.     Foods.     London.     1882. 

Britten,  F.  J.      Watch    and   Clock    Maker's   Handbook,      Loudon. 
1881. 

Bureau  of  Education.     Annual  Report  of  the  Commissioner  for  1880. 

Presented  by  the  Bureau. 

Clarke,   H.   A.      Harmony    on    Induction    Method.      Philadelphia. 

1880.  Presented  by  E.  J.  Cheeseman. 

Commerce  and  Manufactures,  Reports  on,  from  U.  S.  Consuls.     No. 
8.     June,  1881.  Presented  by  the  Bureau  of  Commerce. 

Comstock,  C.  B.    Annual  Report  upon  the  Survey  of  Northern  Lakes. 
Washington.     1876. 

Presented  by  the  Engineer  Department  U.  S.  A. 

Cotton  and  Woolen  Mills  of  Europe.     No.  23.     Washington.     1882. 

Presented  by  the  Department  of  State. 

Department  of  Mines.     New  South  Wales.     Annual  Report  for  the 
year  1881.     Sydney.     1882.  Presented  by  the  Department. 

Dredge,  J.     Electric  Illumination.     London.     1882. 

Dunwoody,  H.  H.  C.     Rainfall  and  Temperature,  with  Crop  Produc- 
tion.    Washington.     1882.  Presented  by  the  Signal  Service. 

Electricity  and   Magnetism.     Abridgments  of  British   Patents.     Div. 
1,  1867-76.     Div.  2,  1867-76.     London.     1882. 

Presented  by  Commissioners  of  Patents. 

Electro-Deposition  and  Electrolysis.     Abridgments  of  British  Patents. 
1805—1876.     London.     1882. 

Presented  by  Commissioners  of  Patents. 

English  Settlement  in  Edwards  County,  Illinois,  History  of. 

Presented  by  Chicago  Historical  Society. 

Everett.     Vibratory  Motion  and  Sound.     London.     1882. 

Fairley,  W.      Ventilation  of  Coal  Mines.     New  York.     1882. 

Finley,    J.    P.      Report  of  Character  of  Six    Hundred    Tornadoes. 
Washington.     1882.  Presented  by  the  Signal  Service. 

Finley,  J.  P.     Tornadoes  of  May  29  and  30,  1879.     Washington. 

1881.  Presented  by  the  Signal  Service. 
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Fisheries  of  New  York  State,  Annual   Report  of  Commissioners  of, 
for  1881.     Albany.     1882.  Presented  by  S.  Green. 

Foreign   Relations   of    the   United   States.      Papers.      Washington. 
1882.  Presented  by  the  Department  of  State. 

Oales  Experienced  in  the  Ocean.      London.     1882. 

Presented  by  Meteorological  Council  of  Royal  Society. 

Orimshaw,  R.     Miller,  Millwright  and  Mill  Furnisher.     New  York. 

1882. 

Griiner,  M.  L.     Blast  Furnace  Phenomena.     London.     1873. 

Hamilton,  J.  A.     Dictionary  of  3500  Musical  Terms.     Boston. 

Presented  by  E.  J.  Cheeseman. 

Hart,  J.     Practical  Treatise  on  the  Construction  of  Oblique  Arches. 
3d  Ed.     London.     1848. 

Harvard  College  Astronomical  Observatory.    Annals.    Pt.  1,  Vol.  13. 
Cambridge.     1882.  Presented  by  the  College. 

Hygienic  and  Medical  Reports.    Vol.  4.     Navy  Department.    Wa.sh- 
ington.  Presented  by  the  Bureau  of  Medicine. 

Indian  Meteorological  Memoirs.     Vol.  1.     Calcutta.     1876-81. 

Presented  by  iSleteorological  Office. 

Institution  of  Civil  Engineers.     Minutes  of  Proceedings.     Vols.  69 
and  70.     London.  Presented  by  the  Institution. 

Iron  and  Steel  Directory.     Philadelphia.     1882. 

Presented  by  American  Iron  and  Steel  Association. 

Iron  and  Steel  Manufacturers  and  Iron  Ore  Producers,  Proceedings  of 
the  National  Convention  of.     Cresson.     1882, 

Presented  by  American  Iron  and  Steel  Association. 

Kedge-Anchor,  or  Young  Sailor's  Assistant.     New  York.     1864. 

Presented  by  E.  J.  Cheeseman. 

Kennedv,   A.    B.    W.      Kinematics   of    Machinerv.       New    York 
1881.' 

Lardner,  D.     Steam  and  its  Uses.     London.     1856. 

Presented  by  E.  J.  Cheeseman. 

Light-House    Board.       Annual    Report   for   years    1881    and    1882. 
Washington.     1882.  Presented  by  the  Board, 

Mallett,  E.  J.,  Jr.     Fuel  AVaste  and   Controlled   Combustion.     New 
York.     1882.  Presented  by  the  Author. 
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Mason,  J.  J.     ISIinute  Structures,  etc.,  of  Reptiles  and   Bactrachians- 
of  America.     Newport.     1879 — 1882. 

Presented  by  the  Author. 

Meteoroloo-ical  Observations  at  Stations  of  the  Second  Order  for  1879^ 
London. 

Presented  by  Meteorological  Committee  of  Royal  Society. 

Michigan  Sjnte  Board  of  Health.     Ninth  Annual  Report  of  the  Sec- 
retary.    Lansing.     1882.  Presented  by  the  Board. 

National  Board  of  Health.     Annual  Report  for  1882.     Washington.. 
1882.  Presented  by  the  Board. 

New  Zealand  Institute.    Transactions.    Vol.  14.    Wellington.    188L 

Presented  by  the  Institution. 

Noyes,  I.  P.     New  View  of  Our  Weather  System.     New  York. 

Presented  by  the  Author. 

Otto,  J.  A.     Structure   and    Preservation  of  the   Violin.      London. 
1860.  Presented  by  E.  J.  Cheeseman. 

Parker,  J.  C.  D.     Manual  of  Harmony.     New  York. 

Presented  by  E.  J.  Cheeseman. 

Patents,  British. 

Alphabetical    Index  of  Patentees   and   Applicants   for   188L 

Loudon.     1882. 
Disclaimers  to  Specifications.     Nos.  313,  3440,  of  1879  ;  Nos. 

578,  1300,  1385,  3880,  3964  and  4589,  of  1880,  and  No. 

768,  of  1881.     London. 
Specifications    and    Drawings.      Nos.    2201   to   4000,    188L 

London. 
Subject  Matter  Index  for  1880.     London.     1882. 

Presented  by  the  Commissioners  of  Patents. 

Patents,  United  States. 

Annual  Report  of  the  Commissioners.     Washington.     1882. 
Specifications  and  Drawings  issued  for  January  and  February^ 
1882.     Washington.  Presented  by  the  Patent  Office. 

Phonotypic  and   Phonetic  Journal.     Vols.  3  to  8  and  10  and  12  to- 
35,  inclusive.     London.  Presented  by  Isaac  Pitman. 

Pitman.     Plea  for  Spelling  Reform.     London.     1877. 

Presented  by  Isaac  Pitman. 

Porter,  Robert  P.     The  West.     Chicago.     1882. 

Presented  by  the  Author. 
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Powell,  J.  W.  Annual  Report  of  the  Bureau  of  Ethnology.  Wash- 
ington.    1879-80.         Presented  by  the  Smithsonian  Institution. 

Richter,  E.  F.     Richter's  Manual  of  Harmony. 

Presented  by  E.  J.  Cheeseman. 

Rossiter,  X.  L.     Silk  and  the  Silkworm.     Philadelphia. 

Presented  by  the  Author. 

R.  Instituto  di  Studi  Superiori,  Publications  of.  By  Eccher  (2),  Tora- 
masi,  Gavanna,  Meucci,  Vitelli,  Paoli,  Milani,  Lasinio  (2),  Nocen- 
tini  (2).  Presented  by  the  Institute. 

Royal  Irish  Academy.  Transactions.  Vol.  28,  Pts.  6 — 10.  Dublin. 
1881-82.  Presented  by  the  Academy. 

Smithsonian  Institution.  Catalogue  and  Index  of  Publications.  184& 
to  1882.     Washington.     1882. 

Presented  by  the  Smithsonian  Institution. 

Smyth,  P.     Our  Inheritance  in  the  Great  Pyramid.     London.     1880. 

Presented  by  E.  J.  Cheeseman. 

Stainer,  John,     Harmony  Primer.     Presented  by  E.  J.  Cheeseman. 

Storm  of  October  13-14,  1881.     Report.     London.     1882. 

Presented  by  the  Meteorological  Committee  of  Royal  Society. 

Stuart,  C.  H.  Naval  and  Mail  Steamers  of  the  United  States.  2d 
Ed.     New  York.     1853.  Presented  by  E.  J.  Cheeseman. 

Surgeon-General  of  Navy.  Sanitary  and  Statistical  Report  for  1879. 
Washington.  Presented  by  the  Surgeon-General. 

Surgeon-General's  Office,  U.  S.  A.  Index  Catalogue  of  Library, 
Vol.  3.     Washington.     1882. 

Presented  by  the  Surgeon-General. 

Swank,  J.  M.     Tariff  on  Iron  and  Steel.     Philadelphia.     1882. 

Presented  by  the  American  Iron  and  Steel  Association. 

Symons,  Thomas  W.  Report  of  an  Examination  of  the  Upper 
Columbia  Jiiver,  etc.     AVashington.     1882. 

Presented  by  the  Engineer  Department,  U.  S.  A, 

Trautwine,  J.  C, 

Civil  Engineer's  Pocket-book.     I'hiladelphia.     1882. 
Field  Practice.     Philadelphia.     1882. 

Presented  by  the  Author. 

Tyndall,  J.     Floating  Matter  of  the  Air.     New  York.     1882. 
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United  States  Geological  and  Geographical  Survey  of  Territories. 
No.  3,  Vol.  6.     Washington.     1882. 

Presented  by  the  Department  of  Interior. 

Verein  fiir  Erdkunde  zu  Metz.     Vierter  Jahresbericht.     1881. 

Presented  by  the  Association. 

A"on  Hilber.  Neue  und  wenig  bekannte  Conchylien  aus  dem  Ostga- 
lizischen  Miociin.     Wien.     1882. 

War  Department,  U.  S.  Annual  Report  of  Secretary  for  1880. 
Washington.  Presented  by  the  Department. 

Water  Board  of  Lowell.     Annual  Reports.     1880-82. 

Presented  by  G.  E.  Evans. 

Water  Department,  Boston.  Report  of  the  City  Engineer,  for  1870- 
74  and  1877-81.     Boston.  Presented  by  the  Department. 

Water  Department,  Boston.  Report  of  the  Joint  Standing  Commit- 
tee on  Water,  and  on  Restricting  the  Waste  of  Water.  Boston. 
1882. 

"Water  Department,  Philadelphia.     Annual  Report  for  1881. 

Presented  by  the  Chief  Engineer. 

Water  Department,  Wilmington,  Del.  Reports  of  the  Chief  Engi- 
neer for  1875,  1876  and  1878  to  1881. 

Presented  by  the  Department. 

Water  Works,  Cleveland.  Annual  Reports  of  the  Board  of  Trustees, 
1879  to  1881.  Presented  by  the  Board. 

Wilson,  E.  L.     Photographies.     Philadelphia.     1881. 

Woodbury,  C.  J.  H.     Fire  Protection  of  Mills.     New  York.     1882. 

Writing  Instruments  and  Materials.  Abridgments  of  British  Patents, 
1867  to  1876.     London.     1882. 

Presented  by  Commissioners  of  Patents. 

Zoological  Society  of  London.     Index  to  Proceedings,  1871 — 1 
London.     1882.  Presented  by  the  Society. 

E.  HiLTEBEAND,  Librarian. 
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AN    ACCOUNT   OF   CERTAIN   TESTS   OF   THE   TRANS- 
VERSE STRENGTH  AND  STIFFNESS  OF 
LARGE  SPRUCE  BEAMS. 

[An  address  delivered  before  the  American  Society  of  Mechanical  Engineers  on 
November  3,  1882.] 


By  Gaetano  Lanza. 

Professor  of  Applied  Mechanics,  Massachusetts  Institute  of  Technology. 


Mr.  President  and  Gentlemen: — I  beg  leave  to  call  your  atten- 
tion to  the  results  of  certain  tests  of  the  transverse  streng-tli  and  stiif- 
ness  of  full  size  spruce  beams,  carried  on  by  members  of  my  classes 
in  my  laboratory  at  the  Ma.ssachusetts  Institute  of  Technology.  The 
machine  with  which  they  were  made  is  a  50,000  pounds  machine,  and 
is  capable  of  testing  beams  twenty-five  feet  long  and  under,  as  well  as 
many  of  the  framing  joints  used  in  practice. 

It  consists,  as  shown  in  the  cut,  of  a  compound  lever,  hung  in  a  cast 
iron  frame,  to  which  is  connected,  by  means  of  a  steel  rod  and  turn 
buckle,  one  end  of  a  lever,  of  equal  arms,  placed  below,  this  lever 
having  a  12-inch  leverage,  and  being  connected  at  its  other  end  by 
means  of  a  chain,  witii  the  yoke  shown  in  the  cut.  Two  hard  pine, 
beams,  each  20  inches  deep,  10  inches  wide  and  26  feet  long,  are 
laid  across  the  timbers  of  the  machine  in  such  a  way  that  the  chain 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  6 
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already  referred  to  is  midway  between  them.  Two  common  jack 
screws,  each  in  a  pair  of  wrought  iron  stirrups,  are  placed  at  a 
distance  apart  depending  u[)on  the  span  of  the  beam  to  be  tested,  the 
latter  being  placed,  as  shown  in  the  cut,*  upon  the  jack  screws,  and 
under  the  yoke.  The  jack  screws  are  then  screwed  up,  and  the  beam 
to  be  tested  is  thus  raised  at  its  two  ends,  and  hence  loaded  at  the  point 
where  the  yoke  is  attached. 


It  was  in  operation  about  two  months,  last  session,  and  has  been  in 
operation  about  one  month,  this  present  session.  During  that  time  we 
have  tested  about  thirty  specimens  for  breaking  strength,  and  about 
fifteen  for  deflection.  The  breaking  has  been  eifected  as  rapidly  as 
could  be  done,  consistently  with  the  determination  of  the  deflections, 
and  the  deflections  under  various  loads  were  measured  within  a  very 
short  time  after  the  application  of  the  loads.  In  short,  no  experiments 
have  thus  far  been  carried  on  to  determine  the  effect  of  time  upon 
these  quantities,  though  some  will  be  made  very  soon.  It  was  also 
deemed  best  to  keep  to  one  kind  of  timber,  until  we  should  have  a 
sufficient  number  of  tests  to  warrant  us  in  drawing  a  conclusion  as  to 

*  [We  are  indebted  to  the  Boston  Journal  of  Commerce  for  the  use  of  this  cut.] 
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the  average  value  of  the  modulus  of"  rupture,  and  of  the  modulus  of 
elasticity  of  that  kind  of  wood  ;  and  spruce  was  selected,  as  a  wood 
that  is  very  much  used  in  building.  Experiments  are  now  in  progress 
in  my  laboratory  to  determine  the  same  quantities  for  yellow  pine. 

The  results  that  Avore  obtained  last  session  are  shown  above  the 
double  line  in  the  accompanying  table,  and  those  obtained  this  pre- 
sent session,  below. 

At  the  beginning  of  this  session  these  tests  were  continued,  with  the 
follow'ing  objects  in  view  : 

.1.  Inasmuch  as  the  lumber  had,  last  session,  been  selected  either  by 
a  carpenter,  without  reference  to  testing,  or  had  been  simply  ordered 
at  the  yard,  directions  being  given  to  the  dealer  to  send  merchantable 
stock,  it  seemed  best  that  I  should  go  to  the  yards  myself  and  select 
from  the  piles  some  of  the  best  and  some  of  the  average  of  what  was 
on  sale  as  merchantable  stock,  and  thus  that  we  should  be  able  to 
speak  with  certainty  about  the  values  of  the  modulus  of  rupture  and 
modulus  of  elasticity  of  such  lumber. 

2.  Inasmuch  as  last  year  we  had  had  only  three  determinations  of 
the  modulus  of  elasticity,  it  was  desirable  to  obtain  more  values,  and 
thus  to  be  able  to  determine  an  average  value. 

3.  It  was  desirable  to  see  how  far,  in  the  light  of  what  had  already 
been  done,  we  should  be  able  to  judge  of  the  modulus  of  rupture  by 
simply  inspecting  a  piece  of  timber,  and  to  endeavor  also  to  train  the 
students,  to  some  extent,  to  have  this  ability. 

That  the  values  of  the  modulus  of  rupture  which  we  have  obtained 
should  differ  very  considerably  from  those  given  in  our  text-books  and 
engineers'  handbooks,  and  deduced  from  tests  of  small  pieces,  I  need 
not  tell  a  company  of  engineers;  but,  as  you  may  not  carry  in  your 
minds  the  precise  figures  given  by  different  authorities  for  the  modulus 
of  rupture  of  spruce,  I  will  place  them  here: 

Hatfield  gives  as  mean  value,  .  .     9,900  lbs.  per.  sq.  in. 

Rankine,     "  "  .  11,100 

Laslett,        "  "  .  .     9,045 

Trautwine,  "  "  .  8,100 

Rodman,     "  "  .  .     6,168 

Trautwine  advises  for  use  to  deduct  one-third  in  the  case  of  knotty 
and  poor  timber. 


Feb.,  1883.]  Tests  of  Spruce  Beams.  85 

As  a  result  of  the  tests  thus  far  made  in  my  laboratory,  it  seems  to 
me  safe  to  say,  that  if  our  Boston  lumber  yards  are  to  be  taken  as  a 
fair  sample  of  the  lumber  yards  in  the  case  of  spruce,  that  if  such 
lumber  is  ordered  from  a  dealer  of  good  repute,  no  selection  being 
made  except  to  discard  such  pieces  as  might  be  classed  as  culled  tim- 
ber, /.  e.,  that  Avhich  is  rotten  or  has  holes  in  it,  that  3000  pounds  per 
square  inch  is  all  that  could  with  any  safety  be  used  for  modulus  of 
rupture,  and  even  this  might  err  in  some  cases,  in  being  too  large. 
2.  That  if  the  lumber  is  carefully  selected  at  any  one  lumber  yard,  so 
as  to  take  only  the  best  of  their  stock,  it  would  not  be  safe  to  use  for 
modulus  of  rupture  a  number  greater  than  4000,  and  if  we  required 
a  lot  of  spruce  lumber  which  should  have  a  modulus  of  rupture  of 
5000  it  would  be  necessary  to  select  a  very  few  pieces  from  each  lum- 
ber yard  in  the  city. 

^sext,  as  to  the  modulus  of  elasticity :  until  the  beginning  of  this 
session  we  had  made  only  three  experiments  on  this  subject,  and  these 
gave  as  an  average  1,081,187  ;  those  made  this  autumn  have  contrib- 
uted to  raise  this  value  somewhat,  as  will  be  seen  from  the  table,  where 
we  obtain  an  average  of  1,293,732. 

Of  course  it  is  naturally  to  be  expected  that  time  tests  will  give 
much  smaller  values  for  both  modulus  of  rupture  and  modulus  of 
elasticity. 

As  to  the  variations  of  the  values  shown  in  the  table,  they  are  con- 
siderable, and  dejiend  upon  the  quality  of  the  lumber,  i.  e.,  upcm  the 
number  and  location  of  the  knots,  the  shakes  and  cracks  that  are  so 
commonly  found  at  the  heart  of  timber,  also  upon  the  degree  of  sea- 
soning, although  it  is  my  opinion  that  the  increase  of  strength  due  to 
this  latter  item  has  often  been  over-estimated.  Knots  near  the  middle 
of  the  span  act  very  prejudicially,  whether  they  are  at  the  top  or  at  the 
bottom,  and  by  saying  near  the  middle  of  the  span  1  mean  to  include 
a  very  considerable  range.  It  is  impossible,  however,  to  describe  the 
mode  of  judging  correctly,  from  ins])ectiiig  a  stick,  what  will  be  its 
modulus  of  rupture,  and  this  ability  can  only  l)e  acquired  by  practice, 
and  this  very  practice  is  one  of  the  benefits  that  it  is  hoped  to  enable 
the  students  to  gain  to  a  greater  or  less  degree. 

As  to  the  relation  between  the  modulus  of  rupture  and  the  modulus 
of  elasticity,  whilst  it  is  generally  true  that  those  pieces  that  have  a 
high  value  of  the  one  have  a  high  value  of  the  other,  and  i-ice  versa, 
nevertheless,  I  have  not  been  ai)le  thus  far  to  form  anv  definite  idea  of 
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the  conuectiou  between  them,  at  least  such  as  to  enable  one  to  attempt 
to  predict  the  modulus  of  elasticity  from  the  appearance  of  the  piece. 
Perhaps  further  experiments  may  satisfy  this  want,  and  as  to  the  desir- 
ability of  satisfying  it  no  one  can  have  any  question,  for  the  stiffness 
of  beams  is,  or  ought  to  be,  as  prominent  a  question  to  builders  as  their 
breaking  strength. 

We  have  already  made  three,  and  shall  make  quite  a  number  of 
experiments  on  the  strength  of  framing  joints,  such  as  headers,  trim- 
mers, etc.,  in  regard  to  which  we  have  thus  far  been  entirely  devoid  of 
any  experimental  knowledge. 

As  to  the  method  of  fracture :  while  the  most  usual  fractures  in 
spruce  beams  have  occurred  either  by  tension  or  compression,  or  a  com- 
bination of  the  two ;  nevertheless  in  some  cases  the  beams  have  been 
split  from  the  middle  to  one  end,  along  or  near  the  neutral  axis ;  and 
while  the  experiments  where  this  kind  of  fracture  has  occurred  are  not 
sufficient  in  number  to  warrant  definite  conclusions  as  yet,  nevertheless 
it  is  an  element  that  is  forcing  itself  very  strongly  upon  our  attention 
as  one  that  must  be  taken  into  account  in  practice. 

A  noticeable  instance  of  this  kind  is  to  be  found  in  the  case  of  beam 
No.  22,  another  in  beam  No.  24,  and  a  third  in  beam  No.  31,  which 
gave  way  in  that  manner. 

At  the  meeting  a  number  of  photographs  of  the  fractures  obtained 
were  exhibited  and  commented  upon. 

Table  of  Tests. 

The  following  are  the  records  of  the  tests  made  during  the  first 
month  of  the  present  session  by  students  in  the  Department  of  Applied 
Mechanics  of  the  Massachusetts  Institute  of  Technology.  In  these 
tables,  as  far  as  the  deflections  are  concerned,  the  first  load  is  assumed 
as  the  start  point,  the  deflection  under  that  load  being  counted  zero. 

The  deflections  are  recorded  to  the  10,000th  of  an  inch,  as  the  mea- 
surements were  made  with  a  micrometer  screw  that  could  be  read  to  that 
degree  of  accuracy,  and  hence  it  was  thought  best  to  give  the  results  as 
they  Avere  obtained,  although  it  is  not  claimed  that  change  of  tempera- 
ture or  other  disturbing  causes,  which  would  be  inappreciable  as  far  as 
any  practical  result  is  concerned,  may  not  cause  so  great  a  variation  as 
to  render  it  unnecessary  to  read  to  such  a  degree  of  accuracy. 

The  spruce,  with  the  exception  of  Nos.  22  and  23,  was  cut  in  the 
spring  of  1882,  and  brought  from  Bangor,  Me.     Nos.  22  and  23  were 
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cut  in  1881.  The  students  making  the  tests,  liand  in  the  reports  of 
the  same,  and  make  the  necessary  computations  of  modulus  of  rupture, 
modulus  of  elasticity,  etc.  The  values  given  in  the  tables  have  been 
re-computed  by  my  assistant,  Mr.  Edward  F.  Ely. 

The  number  given  as  the  "  Max.  intensity  of  shear  at  neutral  axis  " 
is  that  which  would  be  obtained  by  computing  it  from  the  breaking 
load  in  accordance  with  the  ordinary  theory  of  beams. 


Xo.  19. — Spruce  Joist,  2  in.  by  12  in.     Span  14  feet.     Loaded  at 
centre.     Ordinary  .stock. 

Tested  by  Messrs.  Tompkins  and  Gustin. 


Load       Deflec- 

in  tion  in 

lbs.        indies. 


485 


510 
485 


1,088 
1,088 
1,289 
3,600 
4,103 
4,404 


Differ- 
ences. 


•0000 
•0473 


■0473 


•0000 

•0343  ^0343 
•0825  ^0482 
•1284     •OJoQ 

•1309  After  1  hour 

•1764  -0455 


Rested  over  night. 
Load  on  next  morning. 
Began  new  set  of  readings. 


Cracks  opened  near  centre  above  neutral  axis. 

Bulging  on  east  side  at  top.    At  centre  top  slewed  to  west. 

Breaking  load. 


Fracture  occurred  within  an  hour  after  application  of  breaking  load. 
Line  of  fracture  followed  the  knots. 
Modulus  of  rupture  =  3,854  lbs.  per  square  inch. 
Mean  deflection  for  201  lbs.  =  -0465. 
Modulus  of  elasticity  =  1,482,645  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =  138  lbs.  per  square 
inch. 
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No.  20. — Spruce  Joist,  2  in,  by  12  in.    Span  14  feet.  Loaded  at  cen- 
tre.    Not  many  knots. 
Tested  by  Messrs.  Tompkins  and  Gustin. 


Load 
in 
lbs. 

Deflec- 
tion in 
inches. 

Differ- 
ences. 

485 

•0000 

686 

•0431 

•0131 

887 

•0885 

•0454 

1,088 

•1303 

•0418 

5  813 

Twisted  Ijadly  in  spite  of  l)racing,and  load  fell  off  rapidly, 
it  being  impossible  to  keep  this  load  on. 

•5  108 

Breaking  load. 

Modulus  of  ru])tiire  =  4,469  lbs.  per  square  inch. 
Mean  deflection  for  201  lbs.  =  '0434. 
Modulus  of  elasticity  =  1,588,548  lbs.  per  square  inch. 
Maximum  inten.sity  of  shear  at  neutral  axis  =160  lbs.  per  square 
inch. 

No.   21.— Spimjce  Joist,  3f|   in.  by  12  in.     Span  14  feet.     Loaded 

at  centre.     Ordinary  stock. 

Tested  by  Messrs.  Tompkins  and  Gustin. 


Load 

in 

lbs. 

Deflec- 
tion in 
inches. 

Differ- 
ences. 

686 

■0000 

1,088 

•054() 

•0516 

1,490 

•1033 

•0487 

1,892 

•1654 

•0621 

2,291 

•2192 

•0538 

2,696 

•28.58 

•01)66 

3,098 

•3397 

•0539 

3,  .50(1 

•403') 

•(1633 

3,902 

•4641 

•0614 

4,304 

•52.56 

•0612 

4,706 

-.5898 

•0642 

Left  over  niglii. 

4  203 

.5815 

Next  morning. 

4,706 
4  40) 

•65-29 

Load  increased  to  4,706  again. 

Next  d!iy. 

.5,610 
8  627 

Braced  the  stick. 

Breaking  load  after  carrying  15  minutes. 
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Modulus  of  rupture  =  3,834  lbs.  per  square  inch. 
Me<ui  deflectiou  for  402  lbs.  =  -0590. 
Modulus  of  elasticit\'  =  1,187,073  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =:  137  lbs.  per  square 
inch. 


No.  22. — SiTvicE  Joist,  3|  in.  by  12  in.  Span  14  feet.  Loaded  at 
centre.  Lower  part  of  tree.  Yevj  free  from  knots.  Had  been 
seasoning  on  the  Avharf  about  one  vear. 

Tested  by  3Jes->irs.  Tompliii.s  (dkI  Gn.sfi)i. 


Load 

in 

lbs. 

Deflec- 
tion in 
inches. 

485 

•0000 

887 

•0.5:54 

1,289 

•10.52 

1,691 

•l.-)8:j 

2,49.5 

•266.-) 

3,299 

•.•?748 

4,10.3 

•4S10 

4,907 
4,20.3 

12,  .54.5 

DiflTer- 
encei?. 


•0.>-!4 

•0.")1,S 

•0.5:51 

•10H2 

•  1(K{ 

•10()2 

Left  over  niglit . 

iNext  niornii)<?. 

, Breaking  loail.    Heani  broke  by  tension  and  afterwards  by 

sliearing  along  the  neutral  axis.    Sliear  extended  from 
centre  to  one  end,  and  pieces  slid  by  one  another  about 
I    ^incites. 


Modulus  of  rupture  =  '),666  lbs.  j)er  .square  inch. 
Mean  deflection  for  402  lbs.  =-0534. 
Modulus  of  elasticity  =  1,332,71'")  lbs.  jxm-  s(|uarc  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =   202  lbs.  per  square 
inch. 
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No.23.  —Spruce  Joist,  ^  in.  by  12i  in.  Span  14  feet.  Loaded  at 
centre.  Upper  part  of  same  tree  as  No.  22.  Very  knotty.  Had 
been  seasoning  on  the  wharf  about  one  year. 


Tested  by  Messrs.  Tenney  and  Mansfield. 


Load 

in 

lbs. 

Deflec- 
tion in 
inches. 

Differ- 
ences. 

485 

•0000 

-^ 

887 

•0819 

■0819 

1,289 

•1457 

•0638 

1,691  • 

•2204 

■0747 

Left  over  night. 

1,425 
1,691 
2,093 

Next  morning. 
Raised  load  again. 

•2569 

•3269 

•0700 

2,495 

•4017 

•0748 

2,897 

•4828 

•0811 

3,299 

•5536 

•0708 

4.103 

•7073 

•1537 

4,907 

Left,  on  for  half  an  liour  durin^^  which  time  loatl  fell  off  to 

4,203;  beam  splitting  and  cracking  at  a  large  knot  on 
lower  edge  near  centre  of  span. 

6,917 

Breaking  load  (knot  causing  break  about  15  inclies  from 

centre). 

Modulus  of  rupture  =  2,995  lbs.  per  square  inch. 
Mean  deflection  for  402  lbs.  =  -0745. 
Modulus  of  elasticity  =  897,961  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =  108  lbs.  per  square 
inch. 
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No.  24. — Spruce  Joist,  width  3^^  in.  at  bottom,  2|  in.  at  top,  depth 
]1|^  in.     Span  14  feet.     Loaded  at  centre.     Not  many  knots. 


Tested  by  Messrs.  Scott  and  Foran. 

Load 
in 
lbs. 

Deflec-  I  T-)iffp- 
tion  in  :  i^'flJ- 
inches.  ^  ences. 

485 
887 
1,289 
1,691 
2,093 
2,093 
2,495 
2,897 
3,299 
3,701 
4, 103 
8  9"^ 

•0000 
•0603 
•1247 
•1835 
•2485 
•2742 
•3285 
•3870 
•4521 
•5189 
•5746 

•0603 
•0644 
•0588 
•0650 

•0543 
•0585 
•0651 
•0668 
•0557 

Left  15  hours,  when  load  had  fallen  to  1,766  lbs. 

Breaking  load.      Broke  by  shearing  along  neutral  axis 

Split  opening  about  IJ^  inclies. 

Modukis  of  rupture  =  5,442  lbs.  per  square  inch. 
Mean  deflection  for  402  lbs.  =  -0610. 
Modulus  of  elasticity  =  1,572,470  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =  190  lbs.  per  square 
inch. 


No.  25. — Spruce  Jolst,  2  in.  by  9|  in.     Span  14  feet.     Loaded  at 
centre.     Ordinary  stock. 

Tested  by  Messrs.  Scott  and  Foran. 


Load 
in 
lbs. 

Deflec- 
tion in 
Indies. 

Differ- 
ences. 

485 

887 

1,289 

1,691 

3,198 

•0000 
•1625 
■3ai2 
•5280 

•1625 
•1717 

•1938 

Breaking  load,  by  compression  at  top  and  tension  at  bot- 
tom. 

92 


Teds  of  Spruce  Beams. 


[Jour.  Frank.  Inst., 


Modulus  of  rupture  =  4,239  lbs.  per  square  inch. 
Mean  deflection  for  402  lbs.  =  -1760. 
Modulus  of  elasticity  =  1,460,620  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =  123  lbs.  per  square 
inch. 

No.  26.— Spruce  Joist,  2f  in.  by  12  in.     Span  14  feet.     Loaded  at 

centre.     Ordinary  stock. 

Tested  by  Messrs.  Tenney  and  Mansfield. 


Load 
in 
lbs. 

Deflec- 
tion in 
inches. 

Differ- 
ences. 

485 
887 
1,691 
2,495 
3,299 
5, 610 

•0000 
•0534 
•2050 
•3610 
•5025 

•0534 
•1516 
•1560 
•1415 

Craclied  soraewliat. 

5,713 

Cross-grained  fibre  at  bottom  tore  apart. 

A  sharp  crack  was  heard  and  a  long  .split  appeared. 

Breaking  load. 

5,914 

6,819 

Modulus  of  rupture  =  4,339. 
Mean  deflection  for  402  lbs.  =  -0718. 
Modulus  of  elasticity  =  1,396,667  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =   1 55  lbs.  per  square 
inch. 


No.  27. — Spruce  Joist,  1-^f  in.  by  10  in.     Span  14  feet. 
centre.     Not  many  knots. 
Tested  by  Messrs.  Tenney  and  Mansfield. 


Loaded  at 


Load 

in 

lbs. 

Deflec- 
ti>n  in 
inciies. 

Differ- 
ences. 

485 

•oooo 

887 

•1724 

•1724 

1,289 

•3272 

•1.518 

Beam  tipped  and  braces  were  put  in  at  ends  beyond  the 
straight  edges. 

1,691 

•5441 

•2169 

We'dge  was  used  on  west  side  to  keep  straight  edge  close  to 
tlie  beam. 

4,-306 
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Modulus  of  rupture  =  5,601  lbs.  per  square  ineh. 
Mean  deflection  for  402  lbs.  =  -1814. 
Modulus  of  elasticity  =  1,355,860  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =  167  lbs.  per  square  inch. 
No.  28. — Spruce  Joist,  width  4|  in.  at   bottom,  4  in.  at  top,  depth 
12  in.     Span  18  feet.     Loaded  at  centre. 
Tested  by  Messrs.    Tenney  and   Mansfield. 


Load 

in 

lbs. 

Deflec- 
tion in 
incbes. 

Differ- 
ences. 

485 

•0000 

887 

•1049 

•1049 

1,691 

•2999 

•19.% 

2,495 

•50.30 

•20:n 

3,299 

•703;i 

•2003 

3,701 

•8136 

•1103 

4,103 

8,829 

Breaking  load. 

Modulus  of  rupture  =  4,816  lbs.  per  square  inch. 
Mean  deflection  for  402  lbs.  =  -1017. 
Modulus  of  elasticity  =  1,397,136  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =  134  lbs.  per  square 
inch. 

No.  29. — Spruce  Joist,  4  in.  by  12|  in.     Span  18  feet.     Loaded  at 

centre. 
Tested  by  Messrs.  Scott  and  Foran. 


Load 

in 

lbs. 

Deflec- 
tion in 
indies. 

Differ- 
ences. 

485 

•0000 

887 

■1048 

•1048 

1,289 

•2169 

•1121 

1,691 

•.S267 

•1098 

2,0!« 

•4424 

■  1 1.')7 

2, 495 
2,696 

2,897 


•iMSS 
•6227 
•67ftS 


•1064 
•(r7:59 

•o,>n 


6,917     .Slight  cracks  henni. 

8,3;tl      Breaking  lonil. 
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Modulus  of  rupture  =  4,586  lbs.  per  square  inch. 
Mean  deflection  for  402  lbs.  =  '1128. 
Modulus  of  elasticity  =  1,259,224  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  =129  lbs.  per  square 
inch. 

No.  31. — Spruce  Joist,  3|  in.  by  12  in.     Span  18  feet.     Loaded  at 

centre. 
Tested  by  Messi^s.  Davis  and  3forse. 


Load 
in 

lbs. 

Deflec- 
tion in 
inches. 

Differ- 
ences. 

485 

•0000 

887 

•1486 

•1486 

1,289 

•3030 

•1544 

1,691 

•4514 

•1484 

2,093 

•6129 

•x615 

2,495 

•7615 

•I486 

3,701 
7,721 

Cracking  commenced. 

Breaking  load.    Broke  suddenly  by  compression  ol  top  fi- 

bres and  shearing  along  the  neutral  axis.    Split  showed 
several  small  pin  knots,  running  vertically  in  the  beam, 
and  apparently  pinning    the  sides  of   the  Iracture  to- 
gether. 

Modulus  of  rupture  =  5,559  lbs.  per  square  inch. 
Mean  deflection  for  402  lbs.  =  -1523. 
Modulus  of  elasticity  =  1,231,498  lbs.  per  square  inch. 
Maximum  intensity  of  shear  at  neutral  axis  ^154  lbs.  per  square 
inch. 


Fracture  of  Steel. — Ruptures  often  occur  in  steel,  which  are  very 
diJ0&cult  to  explain.  They  are  generally  attributed  to  inequality  in 
cooling  or  to  imperfect  annealing,  but  some  experiments,  which  have 
been  reported  to  the  institution  of  naval  architects,  seem  to  show  that 
the  fractures  are  always  attributable  to  a  defect  in  the  quality  of  the 
steel  before  rolling,  and  not  to  the  inequality  of  the  strains  to  which  it 
is  finally  subject.  When  a  piece  of  sound  steel  plate  was  heated  to 
redness,  and  then  cooled  unequally  by  scattering  water  on  various 
parts  of  the  heated  surface,  it  was  hammered  in  various  ways  and 
submitted  to  a  series  of  experiments  of  the  most  trying  character,  with- 
out giving  any  indication  of  fracture. — Chron.  Industr.,  No.  39.     C. 
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THE    ABSTRICTIOX    OF    HEAT    BY    MECHANICAL 

ENERGY.* 


By  JoHX  Rowbotham. 

[A  paper  read  at  the  stated  meeting  of  the  f>ankliii  Institute,  November  15,  1882.] 


It  is  now  a  well-established  fact  that  "'  Heat  is  Energy,"  and  that 
one  British  thermal  unit  corresponds  to  772  foot  pounds  of  mechani- 
cal energy ;  but  in  the  sequel  we  will  endeavor  to  show  that  mechan- 
ical energy  is  also  extensively  used  for  the  purpose  of  producing  cold, 
or  abstracting  heat. 

We  do  not  propose  going  deejjly  into  the  theory  of  this  process,  but 
will  merely  confine  ourselves  to  certain  practical  points,  and  state  prin- 
cipally what  has  come  under  our  immediate  and  personal  observation. 

In  this  particular  latitude  where  crops  of  natural  ice  can,  during 
the  winter  mouths,  be  gathered,  the  production  of  cold  by  its  use  is 
comparatively  easy,  although  even  here  it  is  not  always  inexpensive ; 
nor  is  the  atmosphere  thus  obtained  always  the  most  desirable,  viz. : 
where  a  dry  atmosphere  is  required. 

For  certain  purposes,  however,  the  production  of  cold  by  means  of 
ice  has  the  advantage  of  simplicity ;  for  instance,  the  confectioner  will 
fill  a  metallic  vessel,  or  can,  with  cream,  and  by  surrounding  it  with 
broken  ice,  freely  sprinkled  with  common  salt,  will  soon  freeze  the 
cream;  the  plumber  in  repairing  a  water-pipe,  to  make  a  joint  or^new 
connection,  to  avoid  digging  up  the  street  to  reach  the  "  ferrule  "  con- 
nection at  the  "  main,"  or  stopping  off  of  the  water  in  the  main  pipe, 
will  first  get  at  the  point  where  the  work  is  to  be  done,  stopping  the 
flow  of  water  through  the  pipe  by  closing  all  the  outlets,  then  by  cov- 
ering it  with  ice  and  salt,  on  the  pressure  side  of  the  point  to  be 
worked  at,  in  a  very  short  time  finds  the  water  sufficiently  frozen  to 
enable  him  to  complete  his  work. 

In  the  cases  cited  the  object  sought  was  to  get  rid  of  a  certain  amount 
of  heat ;  but  paradoxical  as  it  may  seem  to  many,  the  railway-man 
will  use  the  same  process — mixing  salt  and  snow  to  prevent  ice  from 
forming  and  remaining  upon  the  tracks,  curves,  and  switches.     Com- 

*  It  may  be  unnecessary  to  state  tliat  wherever  in  this  paper  the  term  "  Production  of 
Cold"  is  used,  a  corresponding  "  Abstraction  of  Heat  "  is  meant,  since  "cold  "  though 
a  popular  expression,  is  in  reality  tlie  absence  of  heat.      [The  Author]. 
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mon  a.«  these  practices  are,  comparatively  few  who  adoj^t  them  can 
clearly  give  the  reasons  for  the  effect  produced. 

The  low  temperature  obtained  in  these  cases  is  simply  due  to  the 
capacity  that  certain  substances  have,  when  mixal  together,  of  lower- 
ing the  temperature  of  the  melting  point  of  the  mixture.  This  is 
taken  advantage  of  by  the  railway-man,  who,  by  salting  the  snow, 
lowers  the  freezing  temperature  to  about  0°  Fahr.  instead  of  32°  ; 
but  in  melting,  every  pound  of  ice  will  take  up  as  much  heat  as  would 
raise  a  pound  of  water  through  142°,  and  this  serves  the  object  of  the 
confectioner  and  plumber — the  heat  required  to  melt  the  ice  and  salt 
being  supplied  in  the  one  case  by  the  cream,  and  in  the  other  by  the 
water  in  the  pipe. 

AVe  know  that  in  the  greater  portion  of  the  globe,  ice  is  not  pro- 
duced naturally,  and  that  the  cost  of  transportation  makes  it  too  expen- 
sive for  general  use,  hence  it  is  a  luxury  only  to  be  indulged  in  by  the 
wealthy ;  but  inasmuch  as  the  habits  of  all  the  people  of  the  earth 
appear  to  be  undergoing  a  radical  change,  through  the  rapid  advance- 
ment of  civilization,  we  predict  that  the  time  is  not  far  distant  when 
ice  and  cold  will  be  considered  as  much  of  a  necessity  as  heat,  and  this 
demand,  in  certain  localities,  must  be  supplied  by  artificial  means. 

The  process  of  producing  cold  artificially,  depends  principally  on 
the  property  of  gases  and  vapors  to  become  heated  by  compression,  and 
cooled  by  expansion,  and  although  this  property  was  previously  known, 
no  definite  relation  between  temperature  and  pressure,  on  which  to  base 
a  calculation,  had  been  established  until  Gay  Lussac,  at  the  begin- 
ning of  the  present  century,  found  by  a  series  of  careful  experiments, 
a  mathematical  expression  for  it ;  the  truth  of  his  conclusions  has 
since  been  fiilly  verified,  by  the  experiments  of  Regnault  and  other 
scientists. 

Lately  a  number  of  practical  machines  have  been  constructed  in 
England  based  on  this  property  of  gases,  and  using  atmospheric  air  as 
the  means  to  produce  cold,  of  which  the  "  Giffard,"  the  "  Piggot,"  and 
the  "  Bell-Coleman"  machines  may  be  cited  as  illustrations;  the  last 
named  being  the  pioneer  in  a  new  branch  of  trade,  that  of  carrying 
fresh  meat  from  Xew  Zealand  to  London  by  sailing-ship.  One  hundred 
and  seventy-five  tons  of  meat  were  taken  on  board  and  frozen  at  the 
rate  of  ten  tons  per  day,  being  at  the  time  stowed  away  in  the  hold  of 
the  ship  ;  the  temperature  below  deck  was  always  maintained  below 
the  freezing  point  whilst  loading,  and  also  during  a  voyage  of  ninety- 
eight  days. 
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In  these  machines  the  air  is  compressed,  by  powerful  steam  engines, 
to  a  pressure  of  about  two  and  a  half  atmospheres,  its  temperature 
rising  to  about  218°  Fahr.,  depending  on  the  temperature  of  the  air 
to  be  compressed  ;  it  then  passes  into  a  "  condenser  "  or  vessel,  where 
cold  water  is  circulating,  and  by  which  the  heat  of  the  air  is  removed. 
The  pressure  of  the  air  after  cooling  will  still  be  considerable,  and  it 
is  made  to  perform  work  in  an  expansion  cylinder,  the  pressure  falling 
to  that  of  the  surrounding  atmosphere,  and  the  temperature  to  about 
35°  below  0°.  It  is  now  expelled,  and  will  be  capable  of  taking  up 
an  amount  of  heat,  equal  to  that  removed  from  it  by  the  circulating 
water,  this  heat  being  supplied  by  the  objects  to  be  frozen.  These 
machines,  though  simple  and  capable  of  producing  a  low  temperature, 
are  not  considered  very  satisfactory ;  this  is  due  principally  to  the  low 
specific  heat  of  air,  50  cubic  feet  being  required  to  cool  one  pound  of 
water  (a  pint),  degree  for  degree,  which  may  be  stated,  the  same  quan- 
tity of  heat  will  raise  50  cubic  feet  of  air  through  as  many  degrees  as  it 
will  27  cubic  inches  of  Avater.  This  necessitates  very  cumbrous  ma- 
chinery, and  a  corresponding  waste  of  energy  to  accomplish  a  given  re- 
sult. 

Their  failure  in  practice  is  also  due,  in  a  great  measure,  J:o  mechanical 
difficulties  not  easily  overcome  ;  they  require  large  and  ea.sily  worked, 
yet  thoroughly  air-tight,  pistons  and  valves — conditions  not  readily 
attainable  ;  and,  moreover,  the  cold  produced  in  the  expansion  cylinder 
congeals  the  moisture  of  the  air,  which,  besides  obstructing  the  pass- 
ages, is  equivalent  to  so  much  waste  of  energy,  since  the  cold  here  pro- 
duced cannot  generally  be  utilized. 

In  this  country,  and  in  some  of  tlie  countries  of  Europe,  air  machines 
have  not  been  used  to  any  great  extent.  Machines  using  some  chemi- 
cal, or  liquid  wliose  boiling  point,  at  the  pressure  of  the  atmosphere, 
lies  generally  below  the  average  atmospheric  temperature,  having  been 
found  more  effective.  In  fact,  in  the  first  machines  by  which  ice  was 
successfully  made  to  any  extent,  ether  was  the  agent  by  which  the 
heat  was  abstracted. 

In  1850  to  1853,  Professor  A.  C.  Twining,  of  Hudson,  Ohio, 
succeeded  in  practically  demonstrating  the  feasibility  of  this  process, 
and  in  1858  an  inventor  named  Harrison,  of  Geelong,  Australia, 
made  similar  experiments  in  London  with  the  same  substance,  he 
having  produced  from  5000  to  6000  pounds  of  ice  per  day  with  an 
engine  of  ten  iiorse  power. 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  7 
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In  all  machines  iisiug  a  chemical,  the  heat-(!arrying  agent  is  main- 
tained constantly  in  circuit,  this  agent  not  being  expelled  at  a  certain 
point  as  in  air  machines.  The  process  of  producing  the  cold  is  nearly 
the  same  in  these  as  in  the  air  machines,  the  vapor  being  compressed 
by  the  pumps  into  a  condenser,  and  the  heat  due  to  the  compression 
removed,  liquefaction  takes  place ;  the  liquid  being  then  led  into  a  sys- 
tem of  pipes  which  are  connected  with  the  pump,  and  where  the  pres- 
sure is  maintained  below  the  boiling  point  of  the  liquid  at  the  required 
temperature.  The  liquid  will  therefore  boil  or  evaporate,  abstracting 
at  the  same  time  from  the  surroundings,  an  amount  of  heat  equal  to 
that  made  latent  by  the  evaporation,  and  the  vapor  formed  will  be  taken 
up  by  the  pump  and  again  compressed,  thus  completing  the  circuit. 

In  all  cases  it  is  necessary  that  the  whole  apparatus  shall  be  so  tight 
as  to  exclude  both  air  and  water,  as  well  as  to  prevent  any  leakage  of 
the  chemical ;  this,  though  not  by  any  means  an  easy  matter  to  accom- 
plish, is  of  the  utmost  importance,  since  a  leak  inward,  by  admitting 
moist  air  or  water,  will,  with  some  substances,  ruin  the  entire  appara- 
tus ;  and  a  leak  outward,  not  only  wastes  the  chemical,  but  has  in  some 
cases  been  the  cause  of  serious  disasters  to  both  life  and  property. 

The  principal  points  in  favor  of  these  machines  is  their  small  size 
compared  with  air  machines.  In  a  great  part  of  the  circuit  the  sub- 
stance is  in  the  liquid  state,  requiring  tubes  and  vessels  of  very  small 
dimensions. 

In  the  air  machines,  the  capacity  of  a  certain  volume  of  air  for 
abstracting  heat,  depends  entirely  upon  its  specific  heat ;  whilst  in 
machines  using  liquefiable  vapor  the  latent  heat  of  the  vapor  is  far  more 
potent  in  this  respect  than  the  specific  heat.  And  since  the  latent  heat 
of  most  of  the  substances  used  is  quite  high,  its  utilization  becomes  of 
great  advantage. 

The  substances  generally  used  for  the  abstraction  of  heat  are  ammo- 
nia, sulphur  di-oxide,  raethylic  ether,  chymogene,  and  others.  Each 
of  these  substances  has  its  advocates,  and  the  superiority  of  one  over 
another  may  depend  much  upon  circumstances  and  the  degree  of  cold 
to  be  produced.  Yet,  where  the  saving  of  space  is  .important,  many 
points  are  evidently  in  favor  of  ammonia. 

There  are  two  classes  of  ammonia  machines  in  use,  one  using  aqua 
ammonia,  and  the  other  the  liquefied  vapof,  or  anhydrous  ammonia. 
In  the  former  of  these  "absorption"  machines,  as  they  are  called,  the 
cold  may  l)e  said  to  be  produced  directly  by  heat,  without  its  previous 
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conversion   into   mechanical   energy,  the   ability   which    water   has  of 

absorbing  many  times  its  volume  of  anmioniacal  vapor  being  utilized 

to  dispense  with  a  large  part  of  the   machinery.     So   far,  however, 

these  machines  have  not  proved  as  effective  in  the  production  of  cold 

as  those  using  mechanical  energy. 

To  illustrate  the  advantage  of  anhydrous  ammonia  in  point  of  space, 

a  comparison  of  the  relative  latent  heat  of  the  substances  named  will 

be  made,  viz. : 

r  Anmionia,  90 

T^  ,    .      ,  ,  1-1  Sulijhur  Di-oxide,     26 

Kelative  latent  heat  per  equal  weight,  \   ^^  U    ^^    T^,y  ^r. 

'        ^  *        1   Methyl ic  Ether,        30 

1^  Chymogene,  17 

and  since  the  weight  required  to  abstract  a  certain  quantity  of  heat 
will  be  inversely  as  the  latent  heat  of  the  substance,  we  see  that  the 
evaporation  of  one  pound  of  ammonia  will  abstract  as  much  heat  as 
three  and  a  half  pounds  of  sulphur  di-oxide,  three  pounds  of  ether, 
and^ue  and  a  quarter  pounds  of  chymogene. 

The  only  reasonable  objection  that  has  been  urged  against  the  use 
of  ammonia  is  the  Iom^  temperature  of  its  boiling  point  under  atmos- 
pheric pressure,  or  inversely,  the  high  pressure  required  to  liquefy  it  at 
ordinary  temperatures  ;  this  pressure  need  not,  however,  exceed  14 
atmospheres  absolute,  or  206  pounds  per  square  inch,  which  can  be 
easily  managed  with  proper  apparatus. 

But  the  boiling  point  of  ammonia  being  low,  becomes  of  great 
advantage  where  low  temj)eratures  are  required  ;  the  pressure  of  its 
vapor  being  quite  high,  at  a  temperature  where  that  of  other  substan- 
ces is  almost  a  vacuum,  and  this,  taken  in  connection  with  the  high 
latent  heat  of  its  vapor,  makes  the  advantage  gained  by  its  use  very 
apparent. 

f  Ammonia,  30  lbs.  absolute. 

Pressure  per  square  inch  at  0°    I   Sulphur  Di-oxide,  10  " 

^   Methylic  Ether,      20  " 

Chymogene,  2  " 


Fahr., 


Assuming  the  volumes  of  the  vapors  to  be  inversely  as  the  pressures, 
there  would  correspond  to  one  volume  of  ammonia  three  of  sulphur 
di-oxide,  one  and  a  half  o^  methylic  ether,  and  fifteen  of  chymogene, 
and  combining  this  with  the  relation  of  the  latent  heat  already  given, 
it  will  be  seen  that  where  the  formation  of  one  volume  of  ammoniacaJ 
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vapor  abstracts  a  given  number  of  beat  units,  ten  and  a  half  volumes 
of  sulpbur  d[-oxk\e,  four  and  a  half  of  methylic  ether,  and  seventy-nine 
of  chyniogene  would  be  required  to  produce  the  same  result.  By  these 
comparisons  it  will  readily  be  seen  that  the  whole  apparatus  and  espe- 
cially those  parts  through  which  the  substance  passes  as  vapor,  will  be 
of  very  small  size,  where  ammonia  is  used,  in  comparison  to  that 
required  when  using  any  other  substance ;  and  this,  which  we  have 
endeavored  to  explain  at  some  length,  we  consider  the  most  valuable 
point  in  its  favor. 

It  is  also  non-poisonous  as  well  as  non-explosive,  neither  does  it 
support  combustion,  that  is  to  say,  a  burning  taper  introduced  into  the 
vapor  is  immediately  extinguished — admirable  points  which  give  it 
precedence  over  substances  like  ether  and  chymogene,  which  are  both 
liable  to  the  objectionable  features  named.  It  is  not  known  to  produce 
any  injurious  effects  upon  either  iron  or  steel,  acting  instead,  when  in 
a  liquid  state,  as  a  good  lubricant  on  those  metals ;  mixed  with  water 
or  moist  air,  it  does  not  produce  any  deleterious  action  upon  the  appa- 
ratus, as  is  the  case  with  sulphur  di-oxide,  where  the  admission  of 
moisture  is  liable  to  cause  a  chemical  change  of  the  substance  into  sul- 
phuric acid,  or  oil  of  vitriol,  the  injurious  qualities  of  which  are  well 
known. 

Ammonia  being  a  strong  alkali,  non-saponifiable  oils  must  be  used 
where  lubrication  is  required  ;  these  can  be  used  indefinitely,  as  it  is 
not  known  to  have  any  action  on  them  whatever. 

Having  so  far  endeavored  to  show  the  superiority  of  ammonia  as  a 
heat-carrying  agent,  we  shall  now  give  an  outline  of  the  apparatus 
required  to  produce  a  definite  result. 

Let  it  be  required  to  abstract  heat  equivalent  to  the  freezing  of  ten 
tons  of  ice  in  twenty  hours,  or  a  half  a  ton  per  hour,  the  water  being 
at  a  temperature  of  72°  Fahr.,  the  number  of  heat  units  to  be 
abstracted  per  hour  in  reducing  it  to  32°  and  freezing  it,  would  be 
203,840,  equal  to  3397  heat  units  per  minute.  Supposing  the  temper- 
ature of  the  liquified  ammonia,  when  in  a  condition  to  abstract  heat 
from  the  water,  to  be  at  0°  Fahr.,  or  32°  below  the  freezing  point, 
one  cubic  foot  of  it,  at  that  temperature,  would  require  for  its  evapora- 
tion .'i(),295  iieat  units ;  but  as  the  liquid  when  leaving  the  condenser  is 
necessarilv  at  a  higher  temperature,  say  100°,  a  portion  of  it  will  be 
evaporated  at  the  expense  of  the  sensible  heat,  and  subtracting  this, 
it  will  bo  ffxind  thnt  .'^.0,762  hertt  units  must  be  supplied  by  the  water 
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for  every  cubic  foot  of  ammonia  evaporated.  To  abstract  3397  heat 
units  would  therefore  require  the  evaporation  of  191  cubic  inches  of 
liquid  ammonia,  corresponding  to  95,616  cubic  inches  of  vapor,  which 
must  be  removed  by  the  pump  per  minute. 

Supposing  the  pump  to  make  one  hundred  revolutions,  if  double- 
acting  it  would  only  need  to  have  a  capacity  of  478  cubic  inches,  say 
8  inches  diameter  by  10  inches  stroke.  Verifying  what  has  been  pre- 
viously said  about  the  small  size  of  the  apparatus. 

The  initial  pressure  corresponding  to  0°  Fahr.  is  about  30  pounds* 
absolute,  and  the  final,  corresponding  to  100°  Fahr.,  about  200  pounds 
absolute,  giving  a  ratio  of  compression  of  6f,  and  a  mean  effective 
pressure  of  57  pounds  per  square  inch,  which  for  the  above  piston 
speed=167  feet  per  minute,  and  piston  area=50j  square  inches — would 
give  a  resistance  of  14 J  horse  power,  which  by  adding  15  to  20  per 
<;ent.  for  prejudicial  resistance  will  give  the  indicated  horse  power  of 
the  steam  engine  required  to  run  it. 

Additional  power  might  be  needed  for  the  purpose  of  circulating 
water,  etc.,  depending  on  the  locality  and  the  purpose  for  which  the 
€old  was  intended  ;  but  in  any  case  the  available  mechanical  energy 
being  known,  the  amount  of  cold  it  can  produce  may  be  easily  calcu- 
lated, and  the  results,  as  obtained  in  practice,  sustain  the  truth,  not 
only  of  the  possibility,  but  also  of  the  magnitude  of  the  conversion  of 
mechanical  energy  into  cold. 


Electric  Illumination  by  Reflection. — D.  V.  Partz  exhibited 
a  plan  of  a  new  mode  of  electric  lighting,  at  the  French  Electric  Expo- 
sition. The  light  was  placed  in  chambers  underneath  the  street,  and 
reflected  through  hollow  cylinders,  enamelled  on  the  inside,  so  as  to 
produce  an  inverted  cone  of  rays,  which  strike  a  reflector  placed  at  a 
height  of  40  or  50  metres  above  the  street.  Among  the  advantage^ 
which  are  claimed  by  the  inventor  are:  The  employment  of  powerful 
electric  foci,  thus  avoiding  the  loss  which  results  from  the  division  of 
the  (iurrent ;  the  equal  diffusion  of  the  light  and  the  avoidance  of  the 
dazzling  glare;  the  diminution  of  the  loss  of  light  which  results  from 
the  employment  of  tran.shicent  globes;  the  readiness  of  access  for  regu- 
lation and  surveillance;  and  the  illumination  of  thick  mists,  which  can 
be  penetrated  with  difficulty  by  other  methods. — La  Lumi^re  Electnque, 
Aug.  5,  1882. 
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ON   THE   APPLICATION   OF    THE    PRINCIPLE   OF 
VIRTUAL  VELOCITIES  TO   THE  DETER- 
MINATION OF  THE  DEFLECTION 
AND  STRESSES  OF  FRAMES. 


By  Georgj:  F.  Swain,  S.B. 

Instructor  of  Civil  Engineering  in  the  Massaciuisetts  Institute  of  Technology, 

Boston,  Mass. 


I.  Introduction. 
The  calculation  of  the  deflection  of  a  truss  or  girder  is  a  subject 
which  sometimes  occupies  the  attention  of  the  engineer,  yet  in  regard 
to  wiiicli  some  uncertainty  seems  to  prevail.  Tiie  deflection  is  of 
importance  from  several  points  of  view,  and  it  is  sometimes  considered 
an  index  of  the  strength  of  tlie  structure;  so  that  we  sometimes  find  it 
specified  that  the  deflection  shall  not  exceed  a  certain  quantity  under  a 
given  load,  to  determine  which  systematic  tests  are  made  on  the  com- 
pletion of  the  structure.  There  is  no  doubt,  however,  that  the  import- 
ance of  the  deflection  as  an  index  of  strength  has  often  been  over- 
estimated, and  for  the  following  reason  :  That  the  deflection  consists  of 
two  parts,  which  must  be  carefully  distinguished;  first,  that  due  to  the 
changes  of  length  of  the  bars  composing  the  frame,  on  account  of  the 
stresses  produced  in  them  by  the  applied  loads;  and,  second,  that  due 
to  inaccuracies  of  workmanship, — to  the  fact  that  the  parts  do  not 
exactly  fit,  that  bolts  and  rivets  are  not  of  exactly  the  right  size,  etc. — 
so  that  the  parts  all  come  gradually  to  their  permanent  bearings,  pro- 
ducing a  certain  deflection.  The  first  sort  of  deflection  may  be  called 
the  elastic,  the  second  the  non-elastic:  the  first  may  be  approximately 
calculated  ;  the  second  cannot  be  :  the  first  should  be  teniporary,  disap- 
pearing when  the  loads  are  removed;  the  second  is  permanent:  the 
first  is  to  a  certain  extent  an  index  of  the  strength  of  the  structure; 
the  second  is  not.  When  a  new  bridge  is  loaded  for  the  first  time  it 
deflects ;  but  even  if  we  measure  the  deflection,  we  have  no  means  of 
knowing  how  much  is  elastic  and  how  much  non-elastic,  consequently 
we  cannot  from  this  alone  judge  of  the  strength  of  the  structure.  If, 
as  in  the  case  of  long  spans  and  pin  connections,  we  can  be  reasonably 
certain  that  the  dead  load  alone  is  sufficient  to  bring  all  the  parts  to 
their   permanent  bearings,  the  measurement  of  the  deflection  would 
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have  a  certain  value  ;  or  if  a  bridge  has  been  in  use  lonj;  enough  to 
render  it  certain  that  the  niaxiniuin  non-elastic  deflection  luis  heen 
reached,  the  same  is  true;  for  in  these  cases  the  measured  will  he  the 
elastic  deflection.  Yet,  even  here,  a  single  measurement  would  iiave 
no  value.  By  rei)eated  applirations  of  the  load,  however,  we  can 
observe  whether  the  elastic  deflection  is  gradually  increasing,  and  so 
gain  some  insight  into  the  condition  of  the  structure;  for  if  no  increase 
be  observed,  we  may  know  that  no  bar  is  strained  beyond  the  elastic 
limit.  Yet,  even  here,  again,  it  would  be  just  as  easy  to  calculate  the 
stresses  in  each  bar,  and  so  dispense  with  the  measurement,  except  in 
cases  where,  for  some  reason,  an  exact  calculation  is  impossible  or 
uncertain.  Again,  in  order  to  calculate  the  deflection  of  a  frame,  it  is 
necessary  to  know  the  modulus  of  elasticity  of  each  bar,  regarding  the 
value  of  whidi  there  is  not  often  certainty;  hence,  if  the  calculated 
and  observed  deflections  do  not  agree,  no  definite  conclusions  follow. 
It  would  no  doubt  be  an  advantage  to  confine  the  non-clastic  d(>flection 
within  certain  limits,  but  how  this  can  be  done  in  any  other  wav  than 
by  exercising  care  in  the  construction,  it  is  difficult  to  see.  It  would 
seem,  then,  that  the  only  value  which  a  measurement  of  deflection  has, 
is  that  by  repeating  the  measurement  we  may  judge  whether  any  bar 
is  strained  beyond  the  elastic  limit;  and  in  view  of  our  large  factors 
of  safety,  which  do  not  allow  the  clastic  limit  to  be  approached  in 
good  constructions,  this  value  is  not  great. 

But  there  is  another  jjoint  of  view  from  which  the  deflection  is  of 
greater  interest.  There  are  some  structures  in  whicli  the  stresses 
themselves  depend  on  the  deflections — structures  which  may  be  called 
"statically  undetermined ;"  and  although  they  do  not  occur  often  in 
the  ordinary  practice  of  the  engineer,  a  study  of  their  properties,  and 
of  the  methods  of  calculating  them,  is  of  value  and  interest.  The 
usual  methods  employed  involve  assumpticms  which  are  more  or  less 
removed  from  the  truth,  and  tha  error  committed  in  the  c^ilculation  is 
of  uncertain  amount.  Some  of  these  structures,  however,  may  be 
solved  with  exactness  by  means  of  a  method  which  has  been  known 
for  a  number  of  years,  and  the  application  of  which,  though  sometimes 
tedious,  is  not  difficult.  It  is  a  method  of  successive  appri)ximation  ; 
and  as  its  details  may  not  be  familiar  to  some  readers  of  the  Jolrnal, 
it  may  be  of  interest  to  give  them  in  the  following  pages.  The  fii-st 
application  of  the  method  is  due,  I  believe,  to  Lame;  it  was  subse- 
quently treated  more  fully  by  Maxwell  and  Jenkin  in   England  ;   and 
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fully  developed  in  recent  years  in  Germany,  in  all  its  applications,  by 
Mohr  and  Winkler,  The  object  of  this  paper  is  to  attempt  to  present 
an  outline  of  the  method  and  of  its  principal  applications.  Before 
doing  so,  however,  it  may  not  be  out  of  place  to  recapitulate  briefly  a 
few  facts  regarding  frames  in  general,  and  the  conditions  under  which 
they  are  statically  determined.  AVe  may  do  this  the  more  briefly 
because  of  the  appearance,  since  the  present  article  was  commenced,  of 
an  article  by  William  Cain,  C.  E.,  in  Van  Nostrand's  3Iagazine  for 
October,  in  which  some  of  these  points  are  referred  to. 

A  frame  may  be  defined  as  an  assemblage  of  bars  united  at  their 
ends  by  hinges,  and  supported  at  one  or  more  points.  For  the  present 
let  us  consider  the  (^ase  of  two  points  of  support  only.  If  such  a 
frame  is  acted  upon  by  forces  applied  at  the  joints,  each  rod  will  be 
subjected  to  longitudinal  stress,  and  to  find  the  stress  in  each  piece  is 
the  problem  to  be  solved.  This  problem  presents  two  distinct  parts  : 
first,  the  determination  of  the  outer  forces,  or  reactions,  by  which  the 
applied  forces  are  held  in  equilibrium;  and,  second,  the  determination 
of  the  inner  forces,  or  stresses  in  the  bars;  and  in  order  to  solve  the 
second  part  of  the  problem,  we  must  beforehand  have  solved  the  first. 
For  the  solution  of  either  or  both  of  these  parts  of  the  problem  the 
laws  of  statics  may  not  suffice,  in  which  case  the  frame  may  be  called 
statically  undetermined  as  regards  outer  or  inner  forces,  and  in  which, 
in  order  to  effect  a  solution,  it  is  necessary  to  resort  to  considerations 
based  on  the  elasticity  of  the  materials  dealt  with— generally  to  a 
determination  of  deflection. 

Let  us  see  now,  first,  under  what  conditions  the  outei'  forces  may  be 
determined  on   statical   principles  alone.     The  outer  forces  consist  of 


the  applied  loads,  which  are  known,  and  the  reactions,  which  are 
unknown.  Confining  ourselves  to  the  ordinaiy  case  of  a  frame  of 
any  shape,  supported  at  two  points,  all  of  the  bars  lying  in  a  plane,  in 
which  plane  also  the  loads  and  reactions  act,  we  resolve  the  two 
reactions  R^  and  R^  into  their  horizontal  and  vertical  components.  Hi 
and  H2,  and  Fj  and  Fg.     Assume  any  system  of  rectangular  axes  Ox, 
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Oy,'m  the  plane  of  the  frame.  lu  order  to  determine  the  reactions 
completely,  eight  unknown  quantities  must  be  found,  namely,  for  each 
reaction  its  two  components  and  the  two  co-ordinates  of  its  point  of 
application.  To  find  these  quantities  eight  equations  are  necessary. 
The  surfaces  of  support  being  always  given,  afford  two  equations, 
between  x^,  ?/p  and  x.^,  y^.  For  simplicity  we  may  therefore  consider 
that  we  have  six  unknown  quantities,  H^,  H2,  V^,  V^,  x^,  x^,  for  which 
wc  require  six  equations.  Statics  furnishes  us  with  but  three— the 
equations  of  equilibrium  of  forces  in  a  plane,  expressing  the  fact  that 
the  loads  are  balanced  by  the  reactions.  Three  additional  equations  or 
conditions  are  therefore  necessary,  if  the  frame  is  to  be  statically  deter- 
mined as  regards  the  outer  forces.  The  conditions  usually  given  will 
be  referred  to  again,  in  connection  with  the  calculation  of  the  outer 
forces  in  some  of  the  most  common  cases.  It  is  sufficient  here  to  refer 
to  the  fact,  that,  of  the  three,  one,  and  sometimes  two  or  three,  are  de- 
rived from  a  consideration  of  the  deflection  of  some  point  in  the  frame 
in  some  particular  direction. 

Passing  now  to  the  inner  forces,  let  us  see  under  what  conditions  the 
stresses  in  all  the  bars  of  the  frame  may  be  found  from  statical  princi- 
ples alone,  the  outer  forces  being  supposed  determined.  At  each  joint 
of  the  frame  the  stres.ses  in  the  bars  meeting  at  that  joint  are  the 
quantities  to  be  determined;  and  the  only  statical  conditions  that  we 
have,  from  which  to  determine  them,  are  those  expressing  the  fact  that 
they  are  in  equilibrium  with  the  outer  forces  acting  at  the  joint.  The 
conditions  of  equilibrium  for  forces  acting  at  a  point  are  two  in  number; 
hence  for  each  joint  of  the  frame  we  can  write  two  statical  equations 
involving  the  unknown  quantities;  and  if  there  are  m  joints  in  all,  we 
have  2m  statical  equations.  These  Im  equations  express  the  fact  that 
each  and  every  joint  is  in  equilibrium,  therefore  that  the  entire  frame  is 
in  equilibrium;  hence  they  include  the  three  conditions  of  equilibrium 
of  the  outward  forces  themselves,  so  that  there  remain  '2m — 3  inde- 
pendent equations  for  the  determination  of  the  stresses  in  the  bars, 
which  we  suppose  n  in  number.  To  express  this  in  another  way,  the 
2?H  ecjuations  express  the  fact  that  the  outer  forces  are  balanced;  we 
cannot,  then,  assume  all  of  our  outer  forces  ad  libitum,  because  we 
must  assume  them  so  that  they  will  satisfy  the  three  conditions  of 
equilibrium  of  forces  in  a  plane;  but  we  can  assume  all  but  three  com- 
ponents, which  wc  leave  as  unknown  quantities,  and  we  thus  have  2w 
equations  to  determine  the  n-(-3  unknown  quantities.     It  is  clear,  then, 
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that  if  the  inner  forces  can  be  statically  determined  we  must  have  the 
condition  fulfilled : 

2m=n-^S,  (1) 

and  this  equation  must  be  fulfilled  not  only  for  the  entire  frame,. but 
for  any  part  which  may  be  cut  off  from  the  rest,  the  stresses  in  the 
bars  cut  being  considered  outer  forces.  Equation  (1),  demonstrated 
above  on  mechanical  principles,  has  been  deduced  by  Maxwell  and 
others  geometrically,  by  considering  the  conditions  under  which  any 
one  bar  may  change  its  length  without  involving  a  change  of  length 
of  the  others. 

It  is  not  necessary  to  give  many  examples  of  the  application  of  this 
condition.  A  rectangle  with  one  diagonal,  for  instance,  is  statically 
determined,  but  if  the  second  diagonal  be  added,  it  becomes  statically 
undetermined.  It  may  be  remarked,  however,  that  all  bridge  trusses 
which  have  more  than  one  system  of  bracing  are  statically  undeter- 
mined ;  and  as  such  are  the  prevailing  trusses  used  in  this  country,  it 
may  be  well  to  show  in  a  few  words  Avhy  this  is  so.  We  shall  find, 
for  instance,  in  Fig.  2,  leaving  out  the  two  counter  ties  running  from 
the  point  J, 

2m=36;  ri  +  3=38: 
and  in  Fig.  3, 

2m=36;  n  +  3=37. 

In  each  of  these  crises,  therefore,  the  number  of  unknown  quantities 

I 4 /__A_     J  h      A     /     h     j       


Fic^  J 


is  greater  than  the  number  of  equations,  so  that  additional  equations 
are  needed  in  order  to  solve  the  problem. 

If  thv  number  of  equations  should  be  greater  than  the  number  of 
unknown  quantities,  the  system  would  be  unstable,  and  would  change 
its  shape  as  the  load  changed ;  such  is  the  case  in  flexible  suspension 
bridges.  It  is  easy  to  see  why  the  two  trusses  considered  above,  are 
statically  undetermined.  They  are  generally  solved  by  being  resolved 
into  two  simple  trusses ;  for  example,  in  Fig.  2,  into  a,  h,  c,  d,  g,  etc., 
and  a,  b,  e,  /,  i,  etc. ;  and  in  Fig.  3,  into  a,  b,  c,  f,  g,  etc.,  and  a,  d,  e, 
h,  i,  etc.  This  method  of  calculation  involves  the  supposition  that  in 
the  first  system  (Fig.  2),  the  chord  pieces,  bd,  dh,  eg,  etc.  remain 
straight,  making  angles  with  each  other  at  the  joints  c,  d,  g,  h;  while 
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in  the  .second  system  the  chord  pieces,  ae,  bf,  ei,  etc.  are  supjwsed  to 
remain  straio-ht,  making  angles  with  each  other  at  e,f,  etc.  These 
two  suppositions  being  in  direct  opposition,  it  is  easily  seen  that  the 
ordinary  method  of  calculation  is  not  exact,  the  systems  being  really 
statically  undetermined.  It  can  be  shown,  however,  as  it  is  important 
to  remark,  that  the  error  made  in  calculating  these  trusses  in  the 
ordinary  way  is  small  enough  to  be  neglected. 

There  will  be  occasion  to  refer  briefly,  on  a  subsequent  page,  to  the 
arguments  for  and  against  systems  which  are  statically  undetermined. 
The  M'cight  of  opinion  among  those  best  acquainted  with  the  subject, 
seems  to  be  that  they  are  not  to  be  recommended,  except  in  cases  like 
those  just  examined,  Avhere  the  error  of  an  ordinary  calculation  is  very 
small,  and  where  practical  advantages  are  gained  by  their  use.  Never- 
theless, they  are  sometimes  applied  from  choice,  and  sometimes  almost 
from  necessity.  The  simple  method  ^vhich  will  be  explained,  and  by 
means  of  which  they  may  be  calculated,  will  commend  itself  to  all. 

Before  proceeding,  we  may  remark  that  it  is  easy  to  discover  the 
conditi<^ns  under  Avhich  frames  supported  at  one  point  (or  rather  one 
surface  or  support),  or  at  more  than  two,  are  statically  determined  as 
regards  the  outer  forces.  Thus  a  frame  supported  at  one  point  has 
oidy  one  reaction,  and  to  determine  that  reaction  completely,  four 
quantities  must  be  known,  viz. :     its  two  components,  and  the  two  co- 

7^ 


td,  *<'' 


%-4- 


ordinates  of  it>^  point  of  a})pli('ation.  Three  equations  being  given  by 
.'Statics,  one  other  condition  is  necessary,  and  this  may  be  given  in  vari- 
ous ways.  A  frame  supported  at  n  places,  like  a  continuous  gii'der  of 
n — 1  span.s,  has  n  reactions,  to  determine  which,  4n  quantities  are 
necessary.  If  the  point  of  ap})lication  of  each  reaction  is  given,  and  if 
all  but  one  are  vertical,  we  have  3n — 1  conditions;  but  it  is  neces.'^Mry 
to  have  4n — 3  conditions  hence  n — 2  additional  conditions  are  neces- 
sary, and  these  are  given,  in  the  ordinary  method  of  treatment,  i\v 
the  theorem  of  three  monuiils,  which  gives  exactly  ii — -  elastic 
conditions. 

II.  P^LASTic  Deflection  of  Frames. 
Consider  the  bridge  truss  represented  in  Fig.  4,  supported  at  A  and 
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B,  and  let  it  be  required  to  find  the  elastic  deflection  of  any  joint  C, 
in  any  direction,  C  G,  the  loading  being  given.  This  deflection  is 
due  solely  to  the  changes  of  length  of  the  bars  composing  the  frame, 
and  if  we  can  determine  the  effect  of  the  change  of  length  of  each  bar 
separately,  our  problem  will  be  solved.  This  is  done  in  the  following 
manner :  suppose  a  force  P,  equal  to  unity  to  be  applied  at  C,  in  the 
direction  CG,  and  to  be  the  only  load  on  the  truss;  and  let  the  stresses 
produced  by  this  force  in  the  bars  of  the  frame,  be  represented  by 
t^^,  etc.  These  stresses  may  be  determined  statically,  in  this  case, 
as  the  system  satisfies  equation  (1).  Suppose,  for  a  moment,  all  the 
bars  except  de  to  be  perfectly  rigid,  not  changing  their  lengths  at  all, 
and  let  de  be  removed,  and  the  two  forces,  t^^  be  applied  as  represented 
at  d  and  e.  We  have,  then,  a  frame  acted  upon  by  the  reactions  at  A 
and  B,  and  by  the  following  other  forces :  unity  at  C,  t^^  at  d,  and  t^^ 
at  e,  in  the  directions  indicated  in  the  figure.  By  the  principle  of 
virtual  velocities,  for  a  very  small  deformation,  the  work  done  by 
these  forces  must  equal  zero;  or,  as  the  reactions  do  no  work,  that 
done  by  P  piust  equal  that  done  against  t^^ :  in  other  words,  if  P 
produce  tension  in"  de,  as  in  the  figure,  the  length  de  is  increased,  and 
the  work  done  by  P  must  equal  the  work  done  in  extending  the  bar 
de.  If  we  call  J^g  the  deflection  of  C  along  C  G,  and  if  we  suppose 
the  load  P  applied  gradually,  so  as  to  cause  no  vibration,  the  average 
vahie  of  the  load  at  (7is  |  P,  and  the  work  done  is  J  P^^e ;  or,  as 
P=l,  the  work  is  J  d^^.  The  average  value  of  the  stress  in  de  is 
\  t^^,  and  the  work  done  is  J  t^^  A  l^^,  if  J  ^a  is  the  change  of  length 
of  de.     Hence 

1  4  =1 1,^  J/j„  or  J,=t,,  M,,  (2) 

Now  it  is  clear  that  J^e  depends  only  on  the  change  of  length  J/^^  of 
the  bar  de.  If  that  change  of  length  is,  say,  one  inch,  then  it  matters 
not  how  it  is  produced, — whether  by  loads,  temperature,  or  any  other 
cause, — the  deflection  of  the  point  C  will  be  the  same.  Hence,  if  we 
re|)resent  by  Jl^^  the  real  change  of  length  of  de,  which  is  caused  by 
any  forces,  or  in  any  way  whatever,  J^^  will  still  be  given  by  the  same 
equation.  Consequently,  if  we  wish  to  find  for  given  loading,  the 
deflection  of  C  along  C  G,  we  can  find  that  part  of  it  which  is  due  to 

the  bar  de  from  equation  (2),  which  becomes  A^^=t^^  (tt?^)  '  ^  heing 
the  stress  produced  by  the  given  loads,  ^  the  length,  P  the  section,  and  E 
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the  modulus  of  elasticity,  all  referring  to  de.  One  point  must  be  carefully 
noticed  as  regards  this  equation,  namely,  that  if  J^^  is  to  be  positive, 
that  is,  if  C  is  to  move  toward  G,  the  change  of  length  de,  must  be  in 
the  same  direction  as  that  due  to  t^^.  If  t^^  is  a  tension,  while  the 
given  loads  cau.se  compression,  J^^  will  be  negative.  It  is  only 
necessary,  in  calculating  t^^  and  s^^,  to  assume  tension  as  positive,  and 
compression  as  negative,  and  if  all  the  signs  are  carefully  observed, 
the  result  will  be  correct.  In  order,  then,  to  find  the  total  deflection 
of  C,  due  to  the  changes  of  length  of  all  the  bars  of  the  frame,  we 
must  only  calculate  the  value  of  the  expression  in  the  above  equation, 
for  all  the  bars,  or  we  have 

J=It.J-L.  (3) 

This  equation  is  perfectly  general  in  its  application,  giving  us  with 
almost  absolute  accuracy,  the  elastic  deflection  in  any  direction  of  any 
j)oint  of  a  framed  structure,  truss,  pier,  arch,  suspension  system,  etc. 
We  say  with  almost  absolute  accuracy,  simply  because  as  the  frame 
changes  its  shape  the  stresses  in  the  bars  become  slightly  different, 
and  thi.s  change  of  .stress  is  of  course  neglected.  In  order  to  find  the 
absolute  elastic  deflection  of  any  point,  it  is  only  neces.sary  to  find  its 
deflections  in  two  directions  at  right  angles  to  each  other.  Their 
resultant  gives  the  true  deflection. 

The  equation  above  involves  the  section  and  modulus  of  elasticity 
of  every  bar  in  the  frame,  and,  unless  these  are  known,  the  deflection 
cannot  be  calculated.  Hence  we  see  why  in  cases  when  the  equation 
is  to  be  used  as  a  means  of  calculating  the  stre.sses  in  frames,  inasmuch 
as  here  the  stresses  and  sections  of  the  bars  are  the  very  quantities  to 
be  determined,  a  method  of  successive  approximation  must  be  resorted 
to,  by  first  calculating  the  sections  by  some  approximate  method,  and 
afterwards  correcting  them. 

The   fraction    -1-  is  the  stress  per  square  unit  caused  by  the  given 

load,  but  is  evidently  not  constant. 

One  other  source  of  error  in  the  equation  must  be  noticed,  namely, 
that  it  does  not  take  account  of  the  shortening  of  length  due  to  the 
bending  of  compressed  pieces.  This  error  cannot  be  corrected  without 
introducing  considerable  complication,  and  perliaps  not  at  all,  but  it 
is  probably  not  very  large  in  ordinary  cases. 
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The  use  of  the  equation  may  be  illustrated  by  some  examples.  Let 
us  take  first  the  frame  shown  in  Fig.  5,  loaded  at  the  point  A,  with 
a  force  P,  and  let  it  be  required  to  find  the  vertical  deflection  of  this 
point.  Suppose  first  thebar^Cto  be  inelastic,  or  absent,  the  horizontal 


thrust  at  B  and  C  being  supplied  by  unyielding  abutments.     Then 
we  have 


l-ho '/.n 9 


Vl'  +  K' 


h 


and 


hence 


P  i/p  4.  /i2 


2/1 
3 


3 


p.{P 


Tliis  is  the  same  expression,  which  was  found  in  a  more  round- 
about way,  by  Prof.  DuBois,  on  page  124  of  this  Journal,  for  Feb- 
ruary, 1882. 

If  we  suppose  BC  to  be  elastic,  we  have 
3 

PP 


^_p{p+hr  ^ 


^h'K.K. 


2A^P.e^bo 


,  or,  if  ^,,=^,=^, 


p  r{i'+h'y       p 


[ 


+ 


2h'EL     F^,         ■    F,, 


]• 


In  applying  the  method  to  bridge  trusses  with  many  pieces,  it  is 
best  to  arrange  the  result  in  tabular  form.  As  an  example,  take  one 
truss  of  the  Broadway  bridge,  in  Boston,    as  shown   in  Fig.  6,  with 


Ft'ff.  S 


the  given  loading.  The  span  is  155  feet  2  inches,  and  the  sections 
and  lengths  of  the  bars  are  given  in  the  following  table.  Let  it  be 
required  to  find  the  vertical  deflection  of  the  point  h.  We  first  fill 
out  the  first  four  columns  of  the  table,  from  the  known  data,  then  find 
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Bar. 

Length 
Inches  i 

£•-   -  • 

Section  '^.H.^^i-r 
Sq.  ins.    5j;     s"" 

t. 

Tons. 

s 
Tons. 

1 

ts 

"f"      i 

y.lsl 

ab 

266 

36-0            12,500 

-0-66 

—  8-316         0-02128           +0-1525    j 

be 

38-15 

-1'32 

-14-784    ; 

+0-5115 

cd 

59-56 

-1-056 

—19-404 

+0-3440 

de 

59-56 

-0-792 

—22-176             "           1 

+0-2949 

ek 

59-56 

-0-528 

—23-100    ' 

+0-2048    ' 

kl 

38-15 

-0-o28 

-23-100 

+0-3197 

Ira 

36-0        I 
12-25      1 

—0-264 
0 

—14-784 
0 

.< 

+0-1084    ' 
+0 

0-0983 

gh 

15-75      1 

+0-66 

+  8-316 

" 

+0-3485 

hi 

27-00      ' 

+1-32 

+14-784 

" 

+0-7228 

JJ 

28-70 

+1-056 

+19-404 

'• 

+0-7140 

.tn 

27-00 

+0-792 

+22-176 

" 

+0-6505    1 

no 

15-75 

+0-264 

-r  14 -784 

+0-2478 

op 

12-25 

0 

0 

^, 

+0 

af 

288 

.   30-00 

-0-71 

-9-00 

0-02304 

+0-213 

• 

bg 

.. 

21-00 

-0.71 

-  7-00 

" 

+0-2:367 

ch 

13-80 

+0-29 

—  5-00 

" 

—0-1051 

di 
ej 

„ 

10-80      i 
10-80 

+0-29 

^0-29 

—  3-00 

-  1-00 

:: 

—0-0806 
—0-0269    ' 

0-012 

kn 

13-80 

0 

0 

•' 

-0 

lo 

21-00      1 

1 

-0-29 

_  9-00 

" 

-J-0-1243 

mp 

30-00 

—0-29 

-16-00 

" 

+0-1547 

ag 

392 

23-75 

+0-966 

+12-24 

0-03136 

+0-498 

bh 

« 

16-88      1 

+0-966 

+  9-52 

" 

+0-5448 

cl 

10-12      ' 

-0-394 

+  6-80 

" 

—0-2617     1 

ah 

1-23 

0 

0 

" 

+0 

ei 

4-38      \ 

4-38      [ 

-0-394 
0 

+  4-08 
0 

*' 

-0-367      1 
+0 

•  0-0195 

en 

1-23      ' 

-0-394 

+  1-36 

" 

-0-4356 

bj 

10-12 

0 

0 

" 

+0           1 

nl 

16-88 

1 

+0-394 

+12-25 

" 

H0.286 

om 

23-75 

+0-394 

+21-76 

d= 

+0-361 

y    tsl 
^    EF    - 

, 

0-1297" 
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tlie  stresses  /,  due  to  a  vertical  load  unity  in  h,  and  finally  the  stresses 
s,  due  to  the  given  loading.  In  calculating  the  stresses  t,  those  bars 
are  to  be  considered  as  in  action  which  are  really  in  action  under  the 
given  loading,  althougli  they  would  not  be  the  ones  really  acting  if  a 
load  were  to  act  in  /;  alone.  Assuming  the  modulus  of  elasticity  to  be 
25,000,000  pounds  per  square  inch,  the  resulting  value  of  the  deflec- 
tion of  the  point  h  is  a  little  over  one-eighth  of  an  inch.  It  is  inter- 
esting to  observe  the  relative  effects  of  the  chords  and  the  web. 

Leaving  out  the  web  members,  the  deflection  is  found  to  be  0'0983 
inch,  or  about  one-tenth  of  an  inch.  The  relative  effect  of  chords  and 
web  is  as  'OOSS  to  'OS  14,  or  about  as  3  to  1.  It  is  therefore  hardly 
correct,  judging  from  the  case,  to  neglect  the  influence  of  the  web  on 
the  deflection,  as  is  done,  for  instance,  in  most  cases,  in  the  treatment 
of  continuous  girders  and  framed  arches.  Some  method  seems  to  be 
called  for  by  which  each  bar  can  be  considered,  and  such  a  method  is 
that  afforded  by  the  application  of  the  principles  which  have  been 
explained. 

Having  shown  how  to  find  the  elastic  deflection  of  any  point  in  a 
frame  which  is  statically  determined,  we  may  proceed  to  cases  where 
a  determination  of  deflection  is  involved,  or  those  where  the  frame  is 
statically  undetermined  regarding  either  the  outer  or  the  inner  forces. 
Let  us  consider  first  the  case  where  there  is  difficulty  regarding  the 
outer  forces,  or  reactions.  We  have  already  seen  that  we  must  have 
three  conditions  involving  the  unknown  quantities,  in  order  to  be  able 
to  find  the  reactions  completely.  If  we  support  the  truss  in  such  a 
way  that  the  points  of  application  of  the  reactions  are  known,  we  have 
two  of  the  necessary  conditions  (confining  ourselves,  as  before,  to  a 
frame  lying  in  the  plane  of  the  outer  forces,  and  supported  at  two 
points),  or  if  we  introduce  a  hinge  at  any  point  in  the  frame,  so  that  a 
section  through  this  hinge  divides  the  frame  completely,  without  cutting 
any  other  bars,  then  the  condition  that  the  moment  of  the  outer  forces 
about  the  hinge  is  zero,  is  one  of  the  conditions  sought.  By  putting 
in  three  hinges,  then,  we  supply  three  conditions,  and  are  enabled  to 
solve  the  problem  by  the  use  of  statics  alone,  without  the  aid  of  the 
theory  of  elasticity. 

The  principal  cases  of  frames  supported  at  two  points  are  the  simple 
truss  and  the  various  forms  of  arches.  In  the  simple  truss  we  have 
the  two  points  of  application  of  the  reactions,  and  the  condition 
Il2^<f^2).f^^^^^S  ^^^^  co-efficient  of  friction,  and  the  end  where  jRj  ^-cts 
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being  free  to  move  horizontally,  while  the  other  end  is  fixed.     In  the 
arch  hinged  at  orown  and  springing,  also,  we  have  the  three  conditions 
given ;  these  two  cases  need  not  therefore  be  dwelt  upon,  and  there 
remain  only  the  cases  of  arches  with  fewer  than  three  hinges. 
We  confine  our  attention  to  the  effect  of  the  elastic  deflection. 

III.  The  Arch  Hinged  at  Springing. 

We  consider  under  this  head  the  case  of  the  arch   hinged  at  each 
springing  point.     Only  one  additional  condition  is  required  in  order 


to  find  the  reactions,  and  this  condition  is  that  the  change  of  the  span 
under  loads  is  cither  zero  or  a  known  quantity.  This  change  of  span 
is  the  horizontal  deflection  of  the  point  B.  Hence  a  solution  of  the 
question  involves  a  consideration  of  the  principles  just  discussed. 
Confining  ourselves  to  the  case  where  AB  is  horizontal,  and  the  loads 
acting  on  the  arch  vertical,  as  is  usually  the  case,  we  see  at  once  that 
IIi=H2=^H,  and  that  the  vertical  reactions  are  the  same  as  for  a 
simple  girder,  or  distributed  according  to  the  law  of  the  lever.     Thus 

for  a  load  F,  at  a  distance  x  from  A,  l\=P.-^~'^.    V,  =P  ^,       The 

only  unknoM'n  quantity  is  H,  which  may  now  be  esisily  found.  Let 
us  sup])ose  first  that  the  arch  is  suj)ported  by  vertical  reactions,  or  that 
H^o,  and  lot  it  be  loaded   in  any  way  desired.     The  point  A,  being 

fixed,  B  will  move  outward  a  distance  dL^^=It-—-  ,    according     to 
'  FE  ^ 

equation  (3).     In  this  equation,  E  is  the  modulus  of  ela.sticity,  F  the 

cross-section,  and  I  the  length  of  any  bar ;  s^  the  stress  produced  in  it  by 

the  given  vertical  loads,  and  t  the  stress  produced  in  it  by  a  horizontal 

force  unity  acting  in   B,  and   outwards  towards  C  (the  corresponding 

reaction  acting  outwards  in  A).     This  is  clear  from  what  has  preceded. 

Now  if  the  span  is  to  remain  constant,  the  horizontal  thrust  H,  acting 

in  B,  towards  A,  must  be  sufficient  to  bring  the  point  B  back  to  its 

original  position.     Suppose  //  to  be  the  only  force  acting,  and  let  the 

Whole  No.  Vol.  CXV.— (Third  Serirs,  Vol.  Ixxxv.)  8 
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stresses  which  it  causes  in  the  bars  be  denoted  by  s^.     Then  the  hori- 
zontal deflection  of  B  towards  A ,  is 

because  we  must  put  instead  of  t  the  stresses  produced  by  a  load 
unity  in  B  acting  inward,  or  — t.     We  also  have  Sij^=:  —  tH,  hence 

'  FE 

Placing  JL^  and  JL^  equal  to  each  other,  and  calling  E  constant, 
we  have 

1       ts,J         H     tH 

E  ^    F  E  '^F  ' 

t_^ 

^    F 
or  H  =  ^  (4) 

This  equation  applies  when  the  abutments  are  immovable.  If  A 
and  B  are  connected  by  a  rod  of  section  F^,  and  modulus  of  elasticity 
El,  its  length  being  L,  then  its  change  of  length,  which  is  the  deflection 
of  B  outward,  is  known,  and  given  by  the  equation 

JL  =  ^^  (5) 

F,E\  ^  ^ 

We  have,  then,  in  this  case, 

JL,  =  JL^  +   JL, 


FE  FE         I^^E, 

tsj 


or  1-^.^   =  H^'-r.   +   T^  (6) 

I 

^  FE 
whence  H  =         ,2^  ^  (7) 

^YE  +   F\E, 

-  F 
anl,  if  E  is  constant,     H  =  Yi — 7"  (8) 

■    ^'f'^~f, 

iiZ"  being  found,  the  real  stress  in  any  bar  is 

S  =  s,  —  t  II  (9) 
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These  simple  equations  suffice  for  the  solution  of  this  case.  The 
tabular  form  is  the  best  for  computation,  and  the  signs  of  the  stresses 
must  be  carefully  observed.  A  discussion  of  the  best  methods  of 
finding  the  maximum  stress  in  each  bar  of  the  frame  does  not  belong 
here. 

It  is  interesting,  however,  to  note  one  transformation  of  equation 
(4).     That  equation  may  be  written 

iy  Is^  -tir\  =  o  (10) 

or,  according  to  equation  (9) 

/|  =   1't.Jl  =  o  (11) 

S  being  the  real  stress  in  any  bar,  and  Jl  its  change  of  length.     But 

S  =  — ,  M  being  the  moment  about  the  origin  of  moments  for  the 
h 

Z 

bar  considered,  and  h  the  lever  arm  of  that  bar.    Also,  t=  — ,  z  being 

h 
the  ordinate  above  AB  of  the  origin  of  movements.     Inserting  these 
values  in  equation  (11)  we  have 

Mz  I 


'  Fh, 


(12) 


If  we  neglect  entirely  the  influenc^e  of  the  web  members,  the  sum- 
mation extends  only  over  the  chord  pieces,   and  z  is  the  ordinate  of  a 
joint,  while  h  is  the  distance  between  the  chords.     At  any  point,  the 
moment  of  inertia  of  the  chord  sections  about  an  axis  midway  between 
them  is  approximately 

/  =  2i^.  —  =  1  Fh\ 
4 

Hence  we  have  2' ^  ^'  (13) 

The  analogy  of  this  equation  to  that  which  is  often  given  for  solid 
arches,  namely  j  -  z  ds  =  o,  is  apparent.  It  must  not  be  for- 
gotten, however,  that  it  is  not  accurate. 

(To  be  continued.) 
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CONE  PULLEYS. 


By  H.  \V.  Spangler, 

Assistant  Engineer  U.  S.  Navy. 


The  writer,  iu  attempting-  to  solve  the  problems  arising  in  designing 
a  pair  of  cone  pulleys,  with  open  belts,  tried  to  use  some  one  of  the 
methods  already  known,  but  found  that  these  methods  were  too  com- 
plicated, too  inaccurate,  or  not  of  sufficient  range  to  cover  all  cases 
liable  to  arise. 

Two  of  these  methods  are  intended  to  solve  the  problems  completely. 
One,  by  Prof.  J.  P.  Klein,  of  Lehigh  University,  was  published  in  a 
series  of  articles  in  the  American  3Iachinist,  Vol.  2.  The  tables 
there  given  will  give  good  results  if  used  correctly ;  but  unfortunately, 
five  out  of  seven  cases,  which  are  solved  by  the  computer  himself 
give  incorrect  results.  Evidently  the  tables  are  not  just  what  is 
required. 


:s^ 


The  other  method  referred  to  is  one  published  by  Mr.  Nystrom,  in 
the  first  volume  of  Mechanics.  This  method  is  not  complete,  as  it 
requires  that  the  diameter  of  the  pulley,  which  is  to  be  the  same  on  each 
shaft,  shall  be  known,  and  it  is  also  a  long  method  of  getting  at  a 
simple  result. 

The  application  of  the  method  arrived  at  by  the  writer  is  given 
first  and  the  proof  afterwards. 

The  following  notation  is  used  :  a,  Fig.  2,  is  the  perpendicular 
distance  between  the  shafts.  R  and  r  are  the  radii  of  any  two 
pulleys  connected  by  the  belt,  R  being  the  larger.  R^  is  the  value  of 
R  when  R=r. 
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First  calculate  the  value  of"  i?„,  having  any  two  corresponding  radii 
Ji  and  r  given,  from  the  formula 

i^„  =  ^'- + -15915  (^::!i\ 

2  a 

Having  sissuraed  or  calculated  this  value,  draw  two  lines,  0  R  and 
O  )',  at  right  angles  to  each  other,  Fig.  1 .  Lay  off  0  Z)„  =  jR„  along 
0  R  and  draw  i>„  E^  parallel  to  0  r  and  equal  to  R^.     Draw  o  E„. 

Calculate  the  distance 


0  B=V  6-2832 XaXi^o-h 2-4674  X«'  —  l'5708Xa, 
and  mark  the  point  B.  Draw,  through  E,,  the  line  A  E„  at  right 
angles  to  0  E^,  and  through  B  draw  B  A  parallel  to  O  E^.  Divide 
A  E„  into  any  number  of  equal  ])arts  and  A  B  into  the  same  number. 
Through  the  divisions  of  A  E„  draw  lines  parallel  to  0  E^  and  join 
the  divisions  of  yl  J?  to  E^.  Where  these  two  sets  of  lines  meet  are 
points  in  the  arc  of  a  parabola  passing  through  B  and  E^  and  having 
0  E^  for  an  axis.  If  the  divisions  of  E^  A  are  not  over  an  inch  apart, 
the  diagram  being  drawn  full  size,  the  points  found  can  be  joined  by 
a  broken  line  without  giving  rise  to  an  appreciable  error. 

Having  drawn  the  curve,  the  radii  of  any  corresponding  pulleys  can 
be  measured  from  it  as  follows.  Having  given  one  radius  as  R^, 
greater  than  7?„,  lay  it  off  alon^  0  R  \o  B^.     Erect  the  perpendicular 


Fig.  2. 
Bj^  E2  and  this  line  is  the  radius  r^  corresponding  to  R^.     If  a  radius 
r^  le.ss  than  i2„  is  given,  draw   0  C3  equal  to  r^,  and  through  C3  draw 
JE'3  C3  ])arallel  to  0  R.     E^  C^  is  the  radius,  R^  corresponding  to  /■3. 

If  it    is   required  that  two   pidleys,  72,  and   r^,  shall   have  certain 
relative  diameters  or  radii,  divide  Z)„  E^  in  the  ratio  of  the  radii  so 

that  ^^°  =   — ^  .     Draw  J),  0  and  r,=E,  B,  and  R,=B,  0. 

The  length  of  the  belt  can  be  found  from  the  formula 
6-2S32  R,^2u. 
Proof. 
Let   A  and  /i,    i'^ig.  2,    be  any  two   (•orresj)oM(ling    pulleys,    whose 
radii  arc    A' and  /•,    coiHicctcd    by  tlic  o|)cn    belt    (' C.     Suppose   the 
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distance  between  the  centres  of  the  pulleys  to  be  a.     The  half-length 
of  the  belt  is  LKIHK 


LK  = 


■i-  —  angle  MB  k\ 


KI=  Va'-{R—ry 
IHF=B^-  -\- anglelA  hX  , 

orthehalf-lengthofthebeltis/-|  ^  —  angle  MBk\  +i/^2Z:pII^2 

+  jB  I  -  +  angle  I A  H^.     The  angle  MB  K=  angle  IAH  = 

angle  J  Ji  iV  =  arc  sin.J— IZTV  and  the  half-length  of  the  belt  is 

(E+r)^   +  [R—r)  arc  smJ^'^  .^ya'—iR—rf  (a.) 

If,  when  B=r,  we  call  the  radius  jB„,  we  leave  for  the  half-length 
of  the  belt 

and  the  length  of  the  belt  is 

2  n  R,  +  2a  =  6-2832  R„+2a. 

Going    back    to  equation   (a)  arc  sm.  I I    =  -|-   ^       , 

*  \    a    /  a  6a^ 

+  ^     4Q^5      +   etc.,  and  (i?—r)  arc  sin.      (— ^j    = 
(^-ry         (_^-rr         3C5^r)«         ^^^_ 

/ {R—rf         (R—ry         {R—rf 

^/n^     (  P     vV'    ="  O'  —  -^- —  ^ ^  —  ^ r-  —  etc., 

and  the  half-length  of  the  belt  or  n  R^  -\-  a  = 

^E^rf_  +  i^Zirl  +    (^=1%  3(^=1^  +  etc. +a-i^)^ 
^    ^    ^2  a  Ga'  40a'  2a 

_  {R-ry  _  (R-vy  __  ^^^  _ 
Sa^  16a' 

a  +  iR+r)''.+  {^^'  +  (^  +  i^  +  etc. 
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The  terms !; ^   +  ^^ ^   +  etc.  can  be  omitted,  because  for 

24a3  80a-'  • 

all  practical  values  of  B,  r,  and  a,  their  sum  would  be  very  small, 

and  we  have 

2  2a 

From  this  we  get  the  equation 

R    =^^L±I  +  (^ll  =  ^±1'  +  -15915  t?^' 
2  2;ra  2  a       ' 

If,  as  in  Fig.  1,  we  take  two  lines  at  rigiit  angles  to  each  other,  and 
lay  off  on  these  lines  distances  equal  to  R  as  abscissEe  and  r  as  ordi- 
nates,  the  curve  formed  will  be  the  curve  whose  equation  Ls 

-R,=  (R  +  r)  I  +   (^=1'.  (6.) 

2  2a 

This  is  the  equation  of  a  jjarabola  whose  principal  axis  is  a  line  pass- 
ing through  O,  Fig.  1,  at  an  angle  of  45°  to  0  R  and  0  r,  and  Avho.se 
vertex  is  at  the  point  where  R=)'=Ra.  In  order  to  construct  the 
curve  one  other  point  is  required,  and  this  can  be  found  by  putting 
r=o  and  we  have 


Solving  this  equation  for  R  gives 


R=  0  B  (Fig.  1.)  :==  J2  -  a  i2„  +  ^ 


na 


or  0  B  =  l/(}-2832xaXRo+ 2-4674  X  a'-'  —  l-5708Xa. 

Having  found  this  ])oint,  the  parabola  can  be  constructed  as  shown 
before,  and  the  co-ordinates  of  any  point  on  it  are  the  radii  of  corres- 
ponding .steps  of  two  cone  pulleys. 

It  may  not  be  rctidily  seen  that  the  equation  (6)  i.s  the  equation  of  a 
parabola,  but  if  for  R  we  put  {x-\-Ro)  and  for  r  we  put  {y-\-R^,  the 
shape  of  the  curve  is  not  changed  but  the  axes  are  moved  parallel  to 
themselves  to  the  point  £"„,  and  the  equation  (6)  becomes 

:R,  =  {x-\-y-V2R:)l  +  ^ll^ , 

2  2a 
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or  2  7:  B,  =  7:  X  -{-  TTij  +  2  R,7t  -^  i^^ZZll , 

a 

or  ij'—yf  ^  .^  ^  y=  0.  (c.) 

i  h        yi  ] 

If  in  equatioii(c)\veputfor;f  the  value  %  ^t^   -)-   —^  > ,  and  for  3/  the 

vahie  -^  -7=  —  — ~     ,  \ve  change  the  direction  of  both  axes  45°,  but 

t  1/2         1/'  2  J 

d«'  not  change  the  curve,  which  is  still  the  same  curve  as  given  by 
equation  (b). 

Making  these  substitutions  in  (c)  we  have 

f^i}^\  .,,2=0, 

TT  a 

mz 

which  is  the  well-known  equation  of  a  parabola  having  one  of  the 
axes  of  co-ordinates  for  a  diameter,  and  having  the  vertex  at  the 
origin  of  co-ordinates ;  and  tlie  curve  given  by  equation  (6)  must  be 
a  parabola  whose  axis  is  at  45°  to  0  i?  and  whose  vertex  is  at 
R^r  =  R^.  —  University  of  Pennsylvania,  Philadelphia,  Dec.  14, 
1882. 

Argentine. — The  product  which  is  known  in  commerce  under  the 
name  of  argentine,  and  which  is  employed  for  printing  upon  cloths 
and  paper,  is  a  tin  moss  or  sponge,  obtained  from  the  precipitation  of 
a  solution  of  chloride  of  tin  by  zinc.  The  solution,  strongly  acidu- 
lated at  first,  must  be  diluted  until  it  contains  60  litres  of  water  (15'85 
gallons)  for  150  grammes  of  the  tin  salt.  The  sponge  must  be  col- 
lected with  care  and  without  compression  in  a  sieve,  then  washed  in 
water  and  dried  by  heat.  It  may  then  be  finally  brayed  with  water 
in  a  mortar,  passed  through  a  hair  sieve  and  mixed  with  starch  paste 
for  printing.  The  small  quantity  of  the  sponge  whicli  remains  upon 
the  sieve  is  dissolved  in  a  mixture  of  equal  parts  of  chlorhydric  acid 
and  water  and  added  to  the  tin  solution.  The  same  water  may  be 
used  from  ten  to  thirteen  times.  The  chloride  of  zinc  in  solution  may 
be  evaporated  and  used  for  soldering  or  for  cleansing  objects  which 
are  to  be  tinned.  The  gray  tin  powder  can  be  economically  employed 
for  tinning  all  metals  but  lead. — Chron.  Industr.,  Oct.  19,  1882.       C. 


i 
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DUST   FA  PLOSIONS  IN    HKKW  KKl  KS. 


Hy  C.  .loiiN    Hkx.vmkk, 

[A  I  :»|HM-  road  at  llio  sialod  luootiiiu  ollho  Krankliii  liislitiilo  lioM  .lamiarv  17,  1SJ>2,] 


I  ilo  not.  in  this  short  p;i|)or.  inttMul  to  uivi'  ;idot;iilod  tio:i(isi' con- 
trrniiiii-  malt  (hist  (.'xph>sions.  as  in  [\w  SoptiMnhor  niunhor  oi'  tho 
JoruNAi,,  a  reprint  oi'  l*iot'.  Tohin's  atUlross  di'livorinl  In'Tori^  the  "  Vwo 
Unilorw  ritoi-s'  Association  ()t'tho  Northwost,"  tin  "  Kx|)U>sivo  and  l>an- 
gxroiis  l)nsts,"  i>;avo  a  vorv  oloar  (»ntlin<'or tho  snhjoi't.  1  shall,  thorc- 
fore,  ri'lVain  tVoni  iiivino- a  sorios  ul'  cxin'rinuMils  similar  to  (liosc  pcf- 
formiHJ  hy  him  at  tho  timo,  bnt  shall  diivi-tly  go  on  to  show  that  thist 
explosions  in  hrcwories  may  bo  largoly  prov«>ntoil.  and  how,  whon  tlu>y 
(jo  ofonr,  tho  oxplosivo  t'oroo  and  tiro  ma\  lu'  rc>striotod  (o  (lie  mill- 
room. 

The  ranse  ot'  tlu'  explosions  in  bri'werios  is.  that  when  grain  dust 
boeomos  linoly  divided  a  certain  degree  o|'  linonoss  is  roaohod  at  w  hieh 
it  may,  on  tho  slightest  |>rovooation,  boahnost  inslantanootisly  ignited, 
a.s  (or  example,  by  tho  spark  ot'  a  striking  piooo  ol"  iron,  the  i^rodui'ts 
of  tho  almost  instantaiuHMis  oombnsticMi  luMug  gast-s  ol'  many  liundnnl 
times  tho  vohimo  ol"  the  i"oi-mei'  dnst.  eansing.  by  their  »'\pansion,  the 
terrific  t'oive  of  tlu'se  t'xplosions.  \\  itli  the  prt'sont  arrangement  of 
malt  mills  in  bn-worios  explosions  and  liros  ol'  this  nalnr*-  aic  not 
restricted  lo  the  mill-room,  but  s|)r(\id  through  the  elevators  and  open- 
ings, throughout  tlu>  entire  brewery,  generally  occasioning  heavy  los>i(«s. 
One  of"  th(>  greatest  doreets  ol"  tho  present  system  is  that  (»r  having  tho 
mill  insidi'  ot"  the  main  br<'wcr\  builduig.  This  should  be  jilaecd  out- 
side. It  is  just  as  dangerous,  if"  not  mori'  so,  to  have  the  mall-mill  in 
a  brcwt'i-y  as  it  would  be  to  havi>  tlu"  jiicUcr  oC  a  sluxldy  mill  in  the 
main  building.  The  first  and  eaidinal  change  Irom  the  present  s\stem 
shoidd  bo  as  follows  : 

The  mill  slutuld  b(>  situated  dulside  of  (he  main  bre\\i'r\ ,  in  a  sepa- 
rate building,  all  communicating  openings  be(\veen  the  mill-house  an<l 
main  building  b(>ing  closed  by  iron-lined  doors,  with  stone  sills,  and 
the  doors  should  bo  solf"-elosing. 

Having  oonsidorod  fills  d(>foot  we  must  ne\(  nun  oui'  a((cn(ion  (o 
the  oonstruetion  of"  (he  mill-room,  and  (he  mill  itself. 

At  present  (he  mall-mill  of  the  oi'diuar\   l\pe  consists  of  a  cleaning 
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apparatus,  frequently  for  dust  only,  a  pair  of  chilled  iron  or  steel  rolls, 
sometimes  corrugated,  motion  being  imj)arted  to  but  one,  the  other 
being  turned  by  friction.  The  crushed  grain  drops  from  the  rolls  into 
the  elevator  cups  and  is  then  carried  to  the  grain  bin,  generally  situated 
on  one  of  the  higher  floors.  Now,  let  us  closely  look  at  this  arrange- 
ment and  examine  its  defects.  The  malt  after  passing  through,  even 
the  best  cleaner,  still  contains  extraneous  particles  of  iron,  but  with 
the  ordinary  cleaning  apparatus  the  grain  is  full  of  such  particles  as 
stones,  iron  nails,  bits  of  wire,  from  "  self-binders  and  reapers," 
matches,  and  I  was  even  informed  of  a  case  where  a  loaded  pistol 
cartridge  was  happily  detected  before  passing  into  the  mill.  In  case  a 
piece  of  iron  comes  between  the  revolving  rolls  it  is  apparent  that  a 
spark  is  readily  created,  which  instantly  inflames  the  finely  divided 
dust  in  the  mill-box,  causing  an  explosion  and  fire.  But  the  explosion 
must  find  vent  somewhere,  so  it  travels  up  the  elevator  boot,  being  in 
fact  sucked  up  the  boot  by  the  upward  draft  in  it,  caused  by  the 
upward  motion  of  the  cups,  acting  like  so  many  fans.  The  boot  which 
is  filled  with  very  dry  dust,  having  lost  much  moisture  by  passing 
through  the  rolls,  is  thereby  also  ignited,  carries  the  fire  from  story  to 
story,  while  the  elevator-box,  which  is  almost  without  exception,  of 
wood,  is  rapidly  burned  through,  and  thus  an  entire  building  may 
become  a  prey  to  the  flames.  Having  considered  the  defects  of  a  sys- 
tem which  has  of  late  caused  most  of  our  brewery  fires,  let  us  next 
consider  how  to  overcome  them. 

The  grain  should  be  thoroughly  cleaned  before  passing  into  the 
mill ;  this  may  be  accomplished  by  a  number  of  devices,  the  simplest 
being  a  cylindrical  (or  hexagonal)  screen  with  meshes  of  unequal  sizes. 
One-half  ci^ntains  meshes  large  enough  to  allow  dust  to  pass,  while  in 
the  other  half  the  size  of  the  meshes  is  increased  so  as  to  allow  the 
passage  of  grain,  retaining,  however,  all  larger  and  irregularly  formed 
foreign  matter.  The  grain,  after  passing  into  the  cylinder,  is  rolled 
about  by  the  revolution  of  the  screen  ;  the  malt  dust  falls  through  the 
small  meshes,  the  grain  passes  into  the  second  half  containing  the 
larger  meshes,  where  larger  foreign  matter  is  retained,  and  shot  out 
into  a  bag  at  the  other  end,  while  the  grain  falling  through  the  meshes 
drops  into  the  rolls.  Many  other,  but  more  complicated,  processes 
may  be  employed  for  this  purpose,  among  which  may  be  mentioned 
those  of  Haas  &  Parson  and  Sehwalbe  &  Son. 

The  latter,  which  also,  besides  cleaning,  classifies  the  grain,  is  deserv- 
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iiig  of"  .special  mention  ;  although  it  ha.s  in  Germany  been  almost 
exclusively  employed  to  clean  and  cla.ssify  the  grain  before  malting, 
yet  it  would  be  an  excellent  cleaner  for  malt  before  milling,  as  it  would 
be  very  desirable  to  mill  malt  of  one  size  and  quality  (which  varies 
with  the  size)  at  one  time,  both  for  setting  the  mill  and  for  better  results 
in  the  "  mash."  \_RepreHentations  of  various  cleaning  maehivcry  were 
here  tlirou-n  on  the  screen  and  explained.^ 

Grain  should  be  especially  Avell  cleaned  of  all  iron  particles,  as  it  is. 
these  which — by  striking  a  spark — create  most  explosions  and  fires  in 
malt  mills.  Iron  can  only  be  effectually  eliminated  from  the  grain  by 
a  strong  magnet.  A  weak  magnet  will  not  answer,  as  the  magnetic 
force  must  overcome  the  momentum  with  which  the  grain  runs  down 
the  spout  into  the  mill.  Magnets  may  be  arranged  either  in  the  form 
of  horse  shoes  through  which  the  grain  runs,  or  as  a  single  very  strong 
"  plate  magnet."  Tiie  latter  meth(xl  is  preferable,  as  the  number  of 
smaller  horse  shoe  magnets  will  not  have  the  .same  amount  of  attrac- 
tive force  as  one  large  plate  magnet. 

The  grain,  after  being  well  cleaned  and  all  the  remaining  iron 
removed  by  the  magnet,  is  pa.ssed  into  the  rolls.  As  these  are  well 
known,  we  will  not  take  the  space  to  describe  them  here,  but  simply 
state  that  they  should  be  gearing,  not  friction  rolls.  In  the  case  of  fric- 
tion rolls,  motion  is  imparted  to  but  one  roll,  the  other  being  turned  by 
the  friction  of  the  passing  grain.  In  gearing  rolls,  to  the  contrary, 
the  rolls  are  driven  by  gearing,  and  therefore  both  have  their  own 
motive  j)ower.  In  the  first  case,  a  piece  of  iron  or  .stone  coming 
between  the  rolls  woidd  cause  a  large  amount  of  frictional  heat,  pro- 
ducing a  spark  and  |)erhaps  an  explosion.  In  the  second  case  the  rolls, 
by  the  motive  power  Avhich  both  have.  Mould  be  more  likely  to  have 
sufficient  power  to  crush  or  flatten  any  extraneous  particle  without  the 
production  of  enough  frictional  heat  to  cause  an  cxplosicm.  To  still 
le&sen  the  chances  for  the  creation  of  heat  the  rolls  should  be  held 
together  by  powerful  springs,  strong  enough  to  allow  grain  to  be 
crushcn],  but  separating  on  the  entrance  of  some  harder  body,  such  as 
a  piece  of  stone  or  iron.  At  present  most  malt  mills,  and,  with  one 
exception,  all  malt  mills  in  Philadelphia  have  their  rolls  held  together 
by  "  .set  screws,"  which  are  arranged  so  jts  to  set  the  rollers  at  any 
desirable  distance  a|)art ;  in  case  a  hard  extraneous  substance  comes 
between  the  rolls  there  is  no  ^'  give,"  the  only  chance  of  stopj)ing  the 
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enormoiKs  friction  between  the  hard  substance  and  rolls  will  consist  in 
the  breaking  of  the  screws  or  the  crushing  of  the  substance. 

The  great  danger  in  malt  mills  is  that,  in  case  of  an  explosion,  the 
explosive  force  and  fire  is  not  confined  to  the  mill  only,  but  runs  from 
the  mill  into  the  elevator,  and  from  there  is  distributed  over  the  entire 
building.  To  check  the  force  and  fire  of  an  explosion  we  must  put  a 
barrier  between  the  mill-box  and  the  elevator.  This  can  best  be 
accomplished  by  placing  a  receiving  hopper  below  the  rolls,  kept  well 


filled  while  the  mill  is  in  operation,  and  from  this  hopper  feed  into  the 
elevator  cups.  We  thereby  have  a  barrier  of  meal  between  the  eleva- 
tor and  the  mill,  a  barrier  almost  as  effective  as  one  of  sand.  But  the 
important  point  in  this  case  will  be  to  keep  the  hopper  well  filled, 
foi-  a  hopper  which  is  not  full  merely  acts  as  a  conduit  and  not  as  a 
barrier  to  an  explosion.  In  order  that  the  attendant  of  a  mill  shall 
not  be  relied  upon,  the  receiving  hopper  should  be  kept  filled  automati- 
cally. For  this  purpose  I  suggested  the  following  device,  shown  in 
the  cut,  (Fig.  1)  ;  a  device  which  was  not  anew  invention,  but  an  adap- 
tation of  something  well  known,  for  a  new  purpose.  A  "feeder  "  for 
grain  mills  used  for  a  long  time  in  Germany  is  shown  in  cut,  e  and  e' 
being  the  rolls  of  the  mill,  w,  w,  being  the  mill-box,  while  G   is  the 
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spout  ordinarily  leading  into  the  elevator  boot  in  mills  properly  (con- 
structed, into  a  receiving  hopper ;  c  is  a  roll  of  wood  usually  covered 
with  a  covering,  and  teeth  d  of  steel  projecting  from  2  to  3  millimeters, 
we  propose  to  use  a  covering  and  teeth  of  copper,  phos])hor  bronze,  or 
some  other  metal  which  Avill  strike  no  sparks  ;  I  is  an  inclined  plane  of 
metal  with  sieve-like  perforations  large  enough  to  allow  dust  to  drop 
through  them  ;  A  is  a  gauge  which  regulates  the  flow  of  grain  on  to  the 
feeding  roll  c;  Z^  is  a  "dust  chamber,"  which  maybe  made  of  any 
size,  and  which  may  be  cleaned  out  through  the  door  m;  k  is  the 
receiving  block  of  wood  covered  with  cop])er,  and  at  a  distance  of  1.9 
millimeters  from  the  teeth  of  the  feeding  roll.  The  operation  of  this 
feeder,  which  is  a  Belgian  invention,  and  which  has  been  used  with 
great  success  in  Germany,  is  very  simple.  The  grain  after  passing 
through  a  cleaner  drops  on  to  the  incline,  is  there  separated  from  any 
remaining  dust ;  and  is  then  allowed  to  run  in  a  thin  stream — regula- 
ted by  the  gauge — on  to  the  receiving  block,  where  it  is  fed  into  the 
mill  by  the  revolution  of  the  feeding  roll.  We  propose  to  utilize  this 
invention,  modified  as  above,  to  keep  our  receiving  hopper  at  all  times 
full.  The  crushed  grain  instead  of  falling  directly  into  the  elevator 
cups  on  leaving  6r,  will  fall  into  a  receiving  hopper,  from  which  a 
])ipe  or  incline  (without  perforations)  leads  tlu;  meal  past  a  gauge,  on 
to  a  feeder  as  described  above,  where  the  meal  is  fed  into  a  smaller  hop- 
per, from  which  it  drops  into  the  elevator.  On  setting  up  a  mill  the 
relative  jjoints  for  both  gauges  will  be  determined,  the  grain-feeder 
and  the  mill  will  be  set  in  motion  while  the  disr/taiycr  will  remain  at 
rest  until  the  receiving  hopper  is  filled,  when  it  will  also  be  set  in 
motion;  this  operation  will  be  performed  by  the  erecting  machinist; 
for  after  the  first  grinding  the  receiving  hopper  will  always  be  full,  as 
the  grain  will  be  fed  in  just  as  rapidly  at  the  toj)  as  the  meal  is  dis- 
charged at  the  bottom.  The  only  case  in  which  the  receiving  hopper 
could  l^ecome  empty  is  one,  which  would  very  rarely  occur  in  a  well- 
conducted  brewery;  that  is  when  the  mill  is  ruiming  while  no  grain  is 
on  the  incline.  When  this  does  occur  the  above  described  process 
must  be  re})eated. 

The  receiving  hopper  and  elevator  should  be  lined,  so  that  in  case 
of  fire  the  flames  may  be  restricted  to  them.  The  lining  of  the  eleva- 
tor l)ox  should,  however,  not  be  of  iron  but  coj)per,  as  the  elevator 
cups,  on  striking  against  an  iron  lining,  might  readily  create  a  spark. 

That  the  force  of  explosions   may  be  spent   without   harming  the 
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building,  large  vent  pipes — leading  into  the  open  air — should  be  in- 
troduced into  the  mill-box.  Iron  pipes  closed  ou  the  outside  by  caps, 
similar  to  our  common  stove  pipe  hole  caps — which  in  case  of  an  ex- 
plosion would  be  readily  blown  off — would  be  the  most  effectual. 

Steam  jets  should  be  introduced  into  both  the  mill-box  and  elevator. 
One  of  our  breweries  has  extinguished  two  explosive  malt  mill  fires 
by  this  means. 

The  compartment  appropriated  for  the  use  of  the  malt  mill  should 
be  well  lighted,  so  tiiat  no  artificial  light  may  be  required  on  the 
cloudiest  dav.  Where  night  work  is  in  vogue,  or  where  artificial  light 
is  required  for  day  work,  the  light  should  be  enclosed,  and  v,nder  no 
condition  should  loose  candles  or  coal  oil  lamps  be  employed. 

I  will  not  take  up  your  valuable  time  in  describing  other  minor 
devices,  which  I  have  invented,  such  as  an  automatic  contrivance  by 
which  I  close  all  communicating  openings  between  the  mill-house  and 
the  brewerv,  and  turn  on  the  steam  by  the  pressure  of  the  explosions. 
I  am  satisfied,  however  that  in  a  brewery  in  which  my  system  of  mill- 
ino-  is  introduced,  explosions  will  be  almost  entirely  prevented,  and 
when  these  do  occur,  they  will  be  restricted  to  the  mill-room  without 
doino;  further  harm. 


Effect  of  Light  upon  Glass.— Some  kinds  of  white  glass  become, 
in  the  process  of  time,  more  or  less  deeply  colored  under  the  influence 
of  luminous  ravs.  The  most  common  tints  are  violet  and  green.  The 
materials  of  ordinary  glass  are  somewhat  ferruginous  and  capable  of 
tino-ing  glass  with  a  deej)  green  shade  by  the  protoxide  of  iron.  In 
order  to  remove  the  coloring,  peroxide  of  manganese  is  added,  which 
changes  the  protoxide  into  a  sesqui  oxide,  wiiich  gives  a  feeble  red- 
dish-vellow  tint.  It  is  almost  impossible  to  observe  the  proper  pro- 
portions of  manganese  and  iron.  If  there  is  too  much  oxide  of  man- 
ganese the  glass  has  at  first  a  violet  shade;  if  there  is  too  much 
protoxide  of  iron  the  glass  will  be  greenish ;  if  all  the  manganese  is 
reduced  to  the  state  of  protoxide  the  glass  is  colorless.  The  influence 
of  light  and  air  may  gradually  bring  about  a  partial  oxidation  of  the 
protoxide  of  manganese  and  a  violet  coloring*  which  increases  with 
time.  A  shade  which  is  due  to  an  excess  of  manganese  is  observed  in 
the  Pinacothek,  at  Munich,  where  the  upper  windows  of  the  picture 
gallery  give  a  very  marked  violet  light  which  produces  a  bad  effect. — 
Polyt.  Ztg.  cited  in  Clo-on.  Induct.,  No.  41. 


Feb.,  1883.]  Science  in  Relation  to  the  Arts.  127 

SCIENCE  IN  RELATION  TO  THE  ARTS. 


Bv  C.  William  Siemp^ns,  F.  R.  S, 


(Continued  from  page  66.) 

The  demand  for  ammonia  may  be  tiiken  as  unlimited,  on  account  of 
its  high  agricultural  value  as  a  juanure ;  and,  considering  the  failing 
supply  of  guano  and  the  growing  necessity  for  stimulating  the  fertility 
of  our  soil,  an  increased  productiou  of  ammonia  may  be  regarded  as  a 
matter  of  national  importance,  for  the  supply  of  which  we  have  to 
look  almost  exclusively  t(j  our  gas  works.  The  present  production  of 
1,000,000  tons  of  liquor  yields  95,000  tons  of  sulphate  of  ammonia; 
which  taken  at  20^.  10s.  a  ton,  represents  an  annual  value  of  1,947,000£. 

The  total  annual  value  of  the  gas  works  by-products  may  be  esti- 
mated as  follows : 

Coloring  matter,  .....     £3,350,000 

Sulphate  of  ammonia,  ....  1,947,000 

Pitch  (325,000  tons)        .....  365,000 

Creosote  (25,000,000  gallon.s)  .  .  .  208,000 

Crude  carbolic  acid  (1,000,000  gallons)    .  •  .  100,000 

Gas  coke,  4,000,000  tons  (after  allowing  2,000,000  tons 

consumption  in  working  the  retorts)  at  12s.      .  .        2,400,000 

Total         .....     £8,370,000 

Taking  the  coal  used,  9,000,000  tons  at  12s.,  equal  5,400,000/.,  it 
follow's  tliat  the  by-products  exceed  in  value  the  coal  used  by  very 
nearly  3,000,000/. 

In  using  raw  coal  for  heating  purposes  these  valuable  |)roducts  are 
not  only  absolutely  lost  to  us,  but  in  their  stead  we  are  favored  with 
those  semi-gaseous  by-products  in  the  atmosi)here  too  well  known  to 
the  denizens  of  Loudon  and  other  large  towns  as  smoke.  Professor 
Roberts  has  calculated  that  the  soot  in  the  pall  hanging  over  London 
on  a  winter's  day  amounts  to  fifty  tons,  and  that  tlic  carbonic  oxide,  a 
poisonous  compound,  resulting  from  the  iiiq)erfect  combustion  of  coal, 
may  be  taken  as  at  least  five  times  that  amount.  Mr.  Aitken  has 
shown,  moreover,  in  an  interesting  paper  communicated  to  the  Royal 
Society  of  Pklinburgh,  last  year,  that  the  fine  dust  resulting  from  the 
imperfect  combustion  of  coal  is  maiidy   instnniuntal  in  the  formation 
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of  fog  ;  each  particle  oi'  solid  matter  attracting  to  itself  aqueous  vapor ; 
these  globules  of  ibg  are  rendered  particularly  tenacious  and  disagree- 
able by  the  presence  of  tar  vapor,  another  result  of  imperfect  com- 
bustion of  raw  fuel,  which  might  be  turned  to  much  better  account  at 
the  dye-works.  The  hurtful  influence  of  smoke  upon  public  health, 
the  great  personal  discomfort  to  which  it  gives  rise,  and  the  vast  ex- 
pense it  indii'cctly  causes  through  the  destruction  of  our  monuments, 
pictures,  furniture,  and  apparel,  are  now  being  recognized,  as  is 
evinced  by  the  success  of  recent  Smoke  Abatement  Exhibitions.  The 
most  effectual  remedy  would  result  from  a  general  recognition  of  the 
fact  that  wherever  smoke  is  produced,  fuel  is  being  consumed  waste- 
fully,  and  that  all  our  calorific  effects,  from  the  largest  down  to  the 
domestic  fire,  can  be  realized  as  completely  and  more  economically, 
without  allowing  any  of  the  fuel  employed  to  reach  the  atmosphere 
unburnt.  This  most  desirable  result  may  be  effected  by  the  use  of 
gas  for  all  heating  purposes  with  or  without  the  addition  of  coke  or 
anthracite. 

The  cheapest  form  of  gas  is  that  obtained  through  the  entire  distil- 
lation of  fuel  in  such  gas  producers  as  are  now  largely  used  in  working 
the  furnaces  of  glass,  iron,  and  steel  works  ;  but  gas  of  this  description 
would  not  be  available  for  the  supply  of  towns  owing  to  its  bulk, 
about  two-thirds  of  its  volume  being  nitrogen.  The  use  of  water-gas, 
resulting  from  the  decomposition  of  steam  in  passing  through  a  hot 
chamber  filled  with  coke,  has  been  suggested,  but  this  gas  also  is  ob- 
jectionable, because  it  contains,  beside  hydrogen,  the  poisonous  and 
inodorous  gas  carbonic  oxide,  the  introduction  of  which  into  dwelling- 
houses  could  not  be  effected  without  considerable  danger.  A  more 
satisfactory  mode  of  supplying  heating  separately  from  illuminating  gas 
would  consist  in  connecting  the  retort  at  different  periods  of  the  dis- 
tillation with  two  separate  systems  of  mains  for  the  delivery  of  the  re- 
spective gases.  Experiments  made  some  years  ago  by  Mr.  Ellisen  of 
the  Paris  gas  works  have  shown  that  the  gases  rich  in  carbon,  such  as 
olefiant  and  acetylene,  are  developed  chiefly  during  an  interval  of 
time,  beginning.half  an  hour  after  the  commencement  and  terminating 
at  half  the  whole  period  of  distillation,  whilst  during  the  remainder 
of  the  time,  marsh  gas  and  hydrogen  are  chiefly  developed,  which, 
while  possessing  little  illuminating  power,  are  most  advantageous  for 
heating  purposes.  By  resorting  to  improved  means  of  heating  the 
retorts   with  gaseous   fuel,  such  as  have  been   in  use  at  the  Paris  gas 
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works  for  a  considerable  number  of  years,  the  length  of  time  for 
effecting  each  distillation  may  be  shortened  from  six  hours,  the  asual 
period  in  former  years,  to  four,  or  even  three  hours,  as  now  practiced 
at  Glasgow  and  elsewhere.  By  this  means  a  given  number  of  retorts 
can  be  made  to  produce,  in  addition  to  the  former  quantity  of  illumi- 
natiug  gas  of  superior  quality,  a  similar  quantity  of  heating  gas,  re- 
sulting in  a  diminished  cost  of  production  and  an  increased  supply  of 
the  valuable  by-|)roducts  previously  referred  to.  The  quantity  of 
both  ammonia  and  heating  gas  may  be  further  increased  by  the 
simple  expedient  of  })assiug  a  streamlet  of  steam  through  the  heated 
retorts  towards  the  end  of  each  operation,  whereby  the  ammonia  and 
hydrocarbons  still  occluded  in  the  heated  coke  will  be  evolved,  and 
the  volume  of  heating  gas  produced  be  augmented  by  the  products  of 
decomposition  of  the  steam  itself.  It  has  been  shown  that  gas  may  be 
used  advantageously  for  domestic  purposes  with  judicious  management 
even  under  present  conditions,  and  it  is  easy  to  conceive  that  its  con- 
sumption for  heating  Avould  soon  increase,  perhaps  tenfold,  if  sup- 
plied separately  at  say  Is.  a  thousand  cubic  feet.  At  this  price  gas 
would  be  not  only  the  cleanest  and  most  convenient,  bjt  also  the 
cheapest  form  of  fuel,  and  the  enormous  increase  of  consumption,  the 
superior  quality  of  the  illuminating  gas  obtained  by  selection,  and  the 
proportionate  increase  of  by-products,  would  amply  compen.sate  the 
gas  company  or  corporation  for  the  comparatively  low  price  of  the 
heating  gas. 

The  greater  efficiency  of  gas  as  a  fuel  results  chiefly  from  the  cir- 
cumstance that  a  pound  of  gas  yields  in  combustion  22,000  heat  units, 
or  exactly  double  the  heat  produced  by  combustion  of  a  pound  of 
ordinary  coal.  This  extra  heating  power  is  due  partly  to  the  freedom 
of  the  gas  from  earthy  constituents,  but  chiefly  to  the  heat  imparted  to 
it  in  effecting  its  distillation.  Recent  experiments  with  gas-i)urners 
have  shown  that  in  this  direction  also  there  is  much  room  for  im- 
provement. 

The  amount  of  light  given  out  by  a  gas  flame  depends  u])on  the 
temperature  to  which  the  particles  of  solid  carbon  in  the  flame  are 
rai-cd,  and  Dr.  Tyndall  has  shuwn  that  of  the  radiant  energy  set  up 
in  such  a  flame,  only  the  2^jth  part  is  luminous  ;  the  hot  products  of 
combustion  carry  off  at  least  four  times  as  much  energy  as  is  radiated, 
so  that  not  more  than  one  hundredth  part  of  the  heat  evolved  in  com- 
bustion is  converted  into  light.  This  proportion  could  be  improved 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  \xxxv.)  9 
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however,  by  increasing  the  temperature  of  combustion,  which  may  be 
effected  erther  by  intensified  air  currents  or  by  regenerative  action. 
Supposing  that  the  heat  of  the  products  of  combustion  could  be  com- 
municated to  metallic  surfaces,  and  be  transferred  by  conduction  or 
otherwise  to  the  atmospheric  air  supporting  combustion  in  the  flame, 
we  should  be  able  to  increase  tlie  temperature  accumulatively  to  any 
point  within  the  limit  of  dissociation  ;  this  limit  may  be  fixed  at  about 
2,300°  C,  and  cannot  be  very  much  below  that  of  the  electric  arc. 
At  such  a  temperature  the  proportion  of  luminous  rays  to  the  total 
heat  produced  in  combustion  would  be  more  than  doubled,  and  the 
brilliancy  of  the  light  would  at  the  same  time  be  greatly  increased. 
Thus  improved,  gas-lighting  may  continue  its  rivalry  with  electric 
lighting  both  as  i-egards  economy  and  brilliancy,  and  such  rivalry 
must  necessarily  result  in  great  public  advantage. 

In  the  domestic  grate,  radiant  energy  of  inferior  intensity  is  required, 
and  I  for  one  do  not  agree  with  those  who  would  like  to  see  the  open 
fireplace  of  this  country  superseded  by  the  continental  stove.  The 
advantages  usually  claimed  for  the  open  fireplace  are,  that  it  is  cheer- 
ful, 'pokable,'  and  conducive  to  ventilation,  but  to  these  may  be  added 
another  of  even  greater  importance,  viz.  that  the  radiant  heat  which  it 
emits  passes  through  the  transparent  air  without  warming  it,  and  im- 
parts heat  only  to  the  solid  walls,  floor,  and  furniture  of  the  room, 
which  are  thus  constituted  the  heating  surfaces  of  the  comparatively 
cool  air  of  the  apartments  in  contact  with  them.  In  the  case  of  stoves 
the  heated  air  of  the  room  causes  deposit  of  moisture  upon  the  walls 
in  lieating  them,  and  gives  rise  to  mildew  and  germs  injurious  to 
health.  It  is,  I  think,  owing  to  this  circumstance  that  upon  entering 
an  apartment  one  can  immediately  perceive  whether  or  not  it  is 
heated  by  an  open  fireplace  ;  nor  is  the  unpleasant  sensation  due  to 
stove-heating  completely  removed  by  mechanical  ventilation  ;  tliere  is, 
moreover,  no  good  reason  why  an  open  fireplace  should  not  be  made 
as  economical  and  smokeless  as  a  stove  or  hot-water  apparatus. 

In  the  production  of  mechanical  effect  from  heat,  gaseous  fuel  also 
presents  most  striking  advantages,  as  will  appear  from  the  following 
consideration.  When  we  have  to  deal  with  the  question  of  converting 
mechanical  into  electrical  effect,  or  vice  versd,  by  means  of  the  dyna- 
mo-electrical machine,  we  have  only  to  consider  what  are  the  equiva- 
lent values  of  the  two  forms  of  energy,  and  what  precautions  are  neces- 
sary to  avoid  losses  by  the  electrical  resistance  of  conductors  and  by 
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friction.  The  transformation  of  mechanical  effect  into  heat  involves 
no  losses  except  those  resulting  from  imperfect  installation,  and  these 
may  be  so  completely  avoided  that  Dr.  Joule  Avas  able  by  this  method 
to  determine  the  equivalent  values  of  the  two  forms  of  energy.  But 
in  attempting  the  inverse  operation  of  effecting  the  conversion  of  heat 
into  mechanical  energy,  we  find  ourselves  confronted  by  the  second  law 
of  thermo-dynamics,  \vhich  says  that  whenever  a  given  amount  of  heat 
is  converted  into  mechanical  effect,  another  but  variable  amount 
descends  from  a  higher  to  a  lower  potential,  and  is  thus  rendered 
unavailable. 

In  the  condensing  steam  engine  this  waste  heat  comprises  that  com- 
municated to  the  condensing  water,  whilst  the  useful  heat,  or  that 
converted  into  mechanical  effect,  depends  upon  the  difference  of  tem- 
perature between  the  boiler  and  condenser.  The  boiler  pressure  is 
limited,  hoAvever,  by  considerations  of  safety  and  convenience  of  con- 
struction, and  the  range  of  Avorking  temperature  rarely  exceeds 
120°  C.  except  in  the  engines  constructed  by  Mr.  Perkins,  in  which  a 
range  of  160°  C,  or  an  expansive  action  commencing  at  14  atmos- 
j)heras,  has  been  adopted  with  considerable  promise  of  success,  as 
ap})cars  from  an  able  report  on  this  engine  by  Sir  Frederick  Bramwell. 
To  obtain  more  advantageous  primary  conditions  we  have  to  turn  to 
the  (iiloric  or  gas  engines,  because  in  them  the  co-efficient  of  efficiency 

T— T' 

expressed    by  — ^p — ,  may  be  greatly  increased.     This  value    would 

reach  a  maximum  if  the  initial  absolute  temperature  T  could  be  raised 

to  that  of  combastion,  and  T'  reduced  to  atmospheric  temperature,  and 

these  maxinuim  limits  can  be  much  more  nearly  approached  in  the  gas 

engine  worked  by  a  combustible   mixture  of  air  and   hydro-carbons 

than  in  the  steam  engine. 

Assuming,    then,    in    an    explosive   gas   engine   a   temperature    of 

l,oOO°  C.  at  a  pressure  of  4  atmospheres,  we  should,  in  accordance 

with  the  second   law  of  thermo-dynamics,   find   a  temperature  after 

expansion  to  atmospheric  pressure  of  600°  C,  and  therefore  a  working 

range    of    1,500°  —  600°  =  900°,    and    a    theoretical    efficiency    of 

'JOO 
1  cr\(\  ,  0-7  =  about  one-half,  contntsting  verv  favorably  with  that  of 
1500-|-2<4  a        ^  J 

a    good    expansive  condensing  steam  engine,   in   which  the    range  is 

120  2 

150  — 30  =  120°    C,    and    the    efficiency  YgTTi  074  ^  7      ^  S"^*^ 
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expansive  steam  engine  is  therefore  capable  of  yielding  as  mechanical 
work  l-th  part  of  the  heat  oommunicated  to  the  boiler,  which  does  not 
include  the  heat  lost  by  imperfect  combustion,  and  that  carried  away 
in  the  chinuiey.  Adding  to  these,  the  losses  by  friction  and  radiation 
in  tlie  engine,  we  find  that  the  best  steam  engine  yet  constructed  does 
not  yield  in  mechanical  effect  more  than  -j-th  part  of  the  heat  energy 
residing  in  the  fuel  consumed.  In  the  gas  engine  we  have  also  to 
make  reductions  fron)  the  theoretical  efficiency,  on  account  of  the 
rather  serious  loss  of  heat  by  absorption  into  the  working  cylinder, 
Avhich  has  to  be  cooled  artificially  in  order  to  keep  its  temperature 
down  to  a  point  at  which  lubrication  is  possible  ;  this,  together  with 
frictional  loss,  cannot  be  taken  at  less  than  one-half,  and  reduces  the 
factor  of  efficiency  of  the  engine  to  ^th. 

It  follows  from  these  considerations  that  the  gas  or  caloric  engine 
combines  the  conditions  most  favorable  to  the  attainment  of  maximum 
results,  and  it  may  reasonably  be  supposed  that  the  difficulties  still  in 
the  way  of  their  application  on  a  large  scale  Mall  gradually  be 
removed.  Before  many  years  have  elapsed  we  shall  find  in  our 
factories  and  on  board  our  ships,  engines  with  a  fuel  consumption  not 
exceeding  1  pound  of  coal  per  effective  horse  power  per  hour,  in  which 
the  gas  producer  takes  the  place  of  the  somewhat  complex  and 
dangerous  steam  boiler.  The  advent  of  such  an  engine  and  of  the 
dynamo-machine  nuist  mark  a  new  era  of  material  progress  at  least 
equal  to  that  j)roduced  by  the  introduction  of"  steam,  power  in  the 
eai'ly  part  of  our  century.  Let  us  consider  what  would  be  the  probable 
effect  of  such  an  engine  upon  that  most  important  interest  of  this 
country — the  merchant  navy. 

According  to  returns  kindly  furnished  me  by  the  Board  of  Trade 
and  ''Lloyds'  liegister  of  Shipping,"  the  total  value  of  the  merchant 
shipping  of  the  United  Kingdom  may  be  estimated  at  126,000,000£. 
of  which  9(),O0O,(3()O£.  represent  steamers  having  a  net  tonnage  of 
3,003,988  tons;  and  36,000,000/.  sailing  vessels,  of  3,688,008  tons. 
The  safety  of  this  vast  amount  of  shij)ping,  carrying  about  five- 
seventlis  of  our  total  imi)orts  and  exports,  or  50(),()0(),000£.  of  goods  in 
the  year,  and  of  the  more  precious  lives  connected  with  it,  is  a  question 
of  paramount  imi)ortance.  It  involves  considerations  of  the  most 
varied  kind  :  comprising  the  construction  of  the  vessel  itself,  and  the 
material  employed  in  building  it ;  its  furniture  of  engines,  pump.s, 
siils,  tackle,  compass,  sextant,  and  sounding  apparatus,  the  preparation 
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of  reliable  eharts  for  the  guidance  of  the  navigator,  and  the  construc- 
tinn  of  harbors  of  refuge,  lighthouses,  beacons,  hells,  and  buoys,  for 
channel  navigation.  Yet  notwithstanding  the  combined  efforts  of 
science,  inventive  skill,  and  practical  experience — the  accumulation  of 
centuries — we  are  startled  with  statements  to  the  effect  that  during  last 
year  as  many  as  1,007  British-owned  ships  were  lost,  of  which  fully 
two-tliirds  were  wrecked  upon  our  shores,  representing  a  totiil  value  of 
nearly  10,000,000£.  Of  these  ships  870  were  sailing  vessels  and  137 
steamers,  the  loss  of  the  latter  being  in  a  fourth  oj-the  cases  attributable 
to  collision.  The  number  of  sailing  vessels  iiicluded  in  these  relurns 
being  19, 32-"),  and  of  steamers  "),")()•"),  it  appears  that  the  steamer  is  the 
safer  vessel,  in  the  proportion  of  4*43  to  3'-J6  ;  but  the  steamer  makes 
on  an  average  three  voyages  for  one  of  the  sailing  ship  taken  over  the 
year,  which  reduces  the  relative  risk  of  the  steamer  as  compared  with 
the  sailing  sliij)  per  voyage  in  the  proportion  of  l.')*2{)  to  3"46.  Com- 
mercially speaking,  this  factor  of  safety  in  favor  of  steam-shi^)ping  is 
to  a  great  extent  counterbalanced  by  the  value  of  the  steamship,  which 
bears  to  that  of  the  sailing  vessel  per  net  carrying  ton  the  proportion 
of  3"1,  thus  retlucing  the  ratio  in  favor  of  steam  ship|)ing  as  13*29  to 
10*38,  or  in  round  numbers  as  4  to  3.  In  testing  this  result  by  the 
charges  of  premium  for  insurance,  the  variable  circumstances  of  di.s- 
tance,  nature  of  carj^o,  seasf)n  and  voyage  have  to  be  taken  into 
account;  but  judging  from  information  received  from  shipowners  and 
underwriters  of  undoubted  authority,  I  find  that  the  relative  insurance 
paid  for  the  two  classes  of  vessel  represents  an  advantage  of  30  per 
cent,  in  favor  of  steam-shipi)ing,  agreeing  very  closely  with  the  above 
deductions  derived  from  statistical  information. 

In  considering  the  (piestion  liow  the  advantages  thus  established  in 
favor  of  steam-shipping  cotdd  be  i'urther  im|)roved,  attention  should 
be  called  in  the  first  ])lace  to  the  material  employed  in  their  (;onstruc- 
tion.  A  new  material  was  introduced  foi-  this  purpose  by  the  Admir- 
alty in  187()-7S,  when  they  constructed  at  Pembroke  dockyard  the 
two  steam  corvettes,  the  Iris  and  Mercwt,,  of  mild  steel.  The  pecidiar 
qualities  of  this  material  are  such  as  to  have  enabled  shij)builders  to 
save  20  per  cent,  in  the  weight  of  the  ship's  hull,  and  to  increase  to 
that  extent  the  carrying  capacity.  It  cond)ines  with  a  strength  30  per 
cent,  superior  to  that  of  iron,  such  extreme  toughness,  that  in  the  case 
of  collision  the  side  of  the  vessel  has  been  found  to  yield  or  bulge 
several  feet  without  showing  any  signs  of  rupture,  a  (juaiity  afiecting 
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the  question  of  sea  risk  very  favorably.  AVlicn  to  the  use  of  this 
material  there  are  added  the  advantages  derived  from  a  double  bottonij 
and  from  the  division  of  the  .shiji's  hold  by  means  of  bulkheads  of 
solid  construction,  it  is  difficult  to  conceive  how  such  a  vessel  could  per- 
ish by  collision  either  with  another  vessel  or  with  a  sunken  rock.  The 
spaces  between  the  two  bottoms  are  not  lost,  because  they  form  con- 
venient chambers  for  water  ballast,  but  powerful  pumps  should  in  all 
cases  be  added  to  meet  emergencies. 

The  following  statement  of  the  number  and  tonnage  of  vcssbIs  build- 
ing and  preparing  to  be  built  in  the  United  Kingdom  on  the  30th  of 
June  last,  which  has  been  kindly  furnished  me  by  Lloyd's,  is  of  inter- 
est as  showing  that  wooden  ships  are  fast  becoming  obsolete,  and  that 
even  iron  is  beginning  to  yield  its  place,  both  as  regards  steamers  and 
sailing  shij^s,  to  the  new  material  mild  steel ;  it  also  shows  that  !>y  far 
the  greater  number  of  ve-sels  now  building  are  ships  of  large  dimen- 
sions propelled  by  engine  power : 

Mild  Steel                    Iron  Wood  Total 

No.     Tons  gross  No.  Tons  gro.ss  Xo.  Tons  gross  No.  Tons  gross 

Steam            8!)     159,751  555      929,021  6  4G0  650  1,090,132 

Sailing          11       1G,8()0  70       120,259  49  4,G35  130  141,694 


100     176,551  625    1,050,180        55  5,095  780         1,232,826 

If  to  the  improvements  already  achieved  could  be  added  an  engine 
of  half  the  weight  of  the  ju-esent  steiim  engine  and  boilers,  and  work- 
ing with  only  half  the  present  expenditure  of  fuel,  a  further  addition 
of  30  per  cent,  could  be  made  to  the  cargo  of  an  Atlantic  propeller 
ves.sel — no  longer  to  be  called  a  steamer — and  the  balance  of  advan- 
tasres  in  favor  of  such  vessels  would  be  sufficient  to  restrict  the  use  of 
sailing  craft  chiefly  to  the  regattas  of  this  and  neighboring  ports. 

The  admirable  Avork  on  the  "British  Navy/'  lately  published  by  Sir 
Thomas  Brassey,  the  Civil  Ciiief  Lord  of  the  Admiralty,  shows  that 
the  naval  department  of  this  country  is  fully  alive  to  all  improvemenis 
having  regard  to  the  safety  as  well  as  to  the  fighting  qualities  of  Her 
Majesty's  ships  of  war,  and  recent  experience  goes  far  to  prove  that 
although  high  .speed  and  manoeuveriug  qualities  are  of  the  utmost  value, 
the  armor  plate  which  appeared  to  be  fast  sinking  in  public  favor  is 
not  without  its  value  in  actual  warfare. 

(To  be  contiDued.) 
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A  SUMMARY  OF  PROGRESS  IN  SCIENCE  AND 
INDUSTRY,  1882. 


[From  the  Report  of  the  .Secretary,  JanuMiy  17, 18SJ.] 


Like  its  immediate  predecessor,  tlie  year  1882  was  not  characterized 
bv  the  announcement  of  any  great  or  revoUitionizing  discoveries,  or 
industrial  processes,  l)ut  rather  by  the  steady  and  satisfactory  advance 
in  the  arts  and  sciences,  and  by  general  industrial  activity  and  business 
prosperity.  I  give  below  a  brief  summary  of  the  more  notable  facts 
and  events  that  appear  to  be  wortliy  of  special  mention  before  the 
Franklin  Institute  in  recording  the  ])rogre.ss  of  the  past  year. 

In  constructive  engineering  there  is  little  to  record  during  the  year 
1882,  save  the  fact  that  considerable  progress  was  made  towards  the 
completion  of  the  superstructure  of  the  bridge  across  the  East  river 
and  upon  the  tunnel  beneath  the  Hudson.  The  Channel  tunnel  scheme 
has  met  with  a  serious  set-back,  singularly  enough,  by  reason  of  an 
agitation  ba.sed  upon  political  considerations.  Concerning  tlie  condition 
of  work  u|)on  the  interoceanic  canal  at  Panama,  in  the  absence  of  reliable 
information,  nothing  can  be  said.  It  ai>pears  probable,  however,  that 
considerable  preliminary  work  has  been  accomplished.  Considerable 
interest  was  aroused  in  the  engineering  fraternity  during  the  past  year, 
bv  reason  of  the  investigation  by  a  commi.ssion  of  government  engi- 
neers, api)ointed  by  the  Secretary  of  the  Treasury,  of  a  theory  of  steam 
boiler  (?xplosions  with  which  the  name  of  Mr.  D.  T.  Lawson,  of  Wells- 
ville,  Ohio,  is  promiucnitly  identified.  The  theory  in  question  is  sub- 
stantiidly  that  .steam  boilers  explode  by  the  sudden  abstraction  (by 
whatever  mean.s)  of  a  considerable  volume  of  steam,  which,  by  relieving 
tlie  superheated  water  in  the  boiler  of  pressure,  causes  it  to  instantly 
bunst  into  steam  ;  this,  meeting  with  the  sudden  check  offered  by  the 
resistance  of  the  confining  shell  of  the  boiler,  produces  a  concussive 
effect  upon  every  .square  inch  of  the  boiler  much  greater  than  the  normal 
steam  pressure,  and  frequently  sufficient  to  cause  the  boiler  to  ex])lode 
with  violence. 

In  several  trials  by  this  commi.ssion,  it  was  demonstrated  that  steam 
boilers  could  be  violently  exj)lo(k'd  at  pressures  far  below  those  which 
they  had  previously  withstood  without  injury,  l)y  simply  providing 
means  for  the  sudden  removal  of"  the  steam  from  the  steam  space. 
While  there  are  some  differences  of  opinion  as  to  whether  the  experi- 
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mental  device  employed  in  these  trials  did  not  eonsiderably  exaggerate 
tiie  conditions  that  may  be  conceived  to  be  brought  about  in  practice,  it 
will  be  generallv  conceded  that  Mr.  Lawson  has  laid  the  enojineerino; 
world  under  obligations  by  j)roperly  formulating  and  bringing  into 
prominence  a  real  and  active  factor  in  the  possible  causation  of  .steam 
boiler  explosions,  which  the  mechanical  world  has  hitherto  ignored.  As 
a  safeguard  against  this  danger,  Mv.  I^awson  has  proposed  an  ai'ched 
jjerforated  diaphragm,  fixed  horizontally  in  the  boiler  near  the  water- 
line,  and  supplied  with  valves  under  the  control  of  the  engineer.  Tlie 
object  of  this  device  is  to  retard  the  time  of  the  passage  of  steam  from 
the  water  compartment  into  the  steam  compartment,  and  thus  prevent 
instantaneous  removal  of  i)ressure  from  the  water.  I  may  add  in  (con- 
clusion, that  the  government  commission  in  its  report  indorsed  the 
theoretical  views  of  Mr.  Lawson,  and  the  efficiency  of  his  system  of 
boiler  construction. 

Some  attention  was  attracted  during  the  year  to  the  experiment  of 
operating  street  cars  upon  the  cable  system  of  propulsion  which  has 
been  going  on  during  the  past  year  in  Chicago.  This  .system  has  been 
in  successful  oj)eration  for  some  years  in  San  Francisco,  and  the  Chicago 
experiment  is  pronounced  to  have  been  so  satisfactory  that  it  has  been 
considerably  extended.  A  similar  road  was  also  laid  down  in  Phila- 
delphia during  the  year,  and  is  now  about  going  into  operation.  It  is 
not  at  all  unlikely  that  this  system  may  come  in  time  to  be  generally 
ado|)ted. 

The  inteiest  in  the  subject  of  electric  lighting  during  the  past  year 
continued  unabated.  The  practical  availability  of  the  system  of  arc 
lights  for  the  lighting  of  large  buildings  and  streets,  may  now  be  cun- 
sidered  as  fully  demonstrated,  and  the  public  interest  is  concentrated 
upon  the  adaptability  of  the  several  phms  employing  incandescent 
lamps,  for  domestic  purposes,  to  take  the  place  of  gas.  By  far  the  most 
important  experiment  of  this  nature  that  has  yet  been  attempted,  is 
that  of  the  Edison  system  in  New  York,  and  which  has  been  in  opera- 
tion over  a  considerable  district,  in  the  lower  part  of  the  city  named, 
during  the  greater  part  of  the  year.  Thus  far,  however,  it  has  been 
im|)o.ssible  to  learn  from  authoritative  sources  anything  respecting  the 
important  question  of  cost  of  producing  the  light,  upon  which  the  suc- 
cess of  the  company  and  the  further  extension  of  the  system  will 
depend.  It  would  be  unju.st,  in  view  of  the  imj)ortance  of  this  experi- 
ment, to  interpret  the  silence  of  the  company  unfavorably,  as  has  bien 
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done  in  the  new.spapers,  ancPI  shall  therefore  pass  the  subject  by  with- 
out further  comment. 

The  present  year  will  doubtless  witness  the  demonstration  of  the 
feasibility  of  domestic  lighting,  since  public  anuouncement  has  lately 
been  made  that  an  experiment  upon  the  large  scale,  similar  to  that  of 
tlie  Edison,  is  about  to  be  made  by  the  plan  of  employing  secondary 
batteries,  which  will  be  furni.shed  to  each  building,  and  will  bechar^iod 
to  saturation  from  a  central  station  during  the  hours  v>hen  light  is  not 
required,  and  which  will  be  capable  of  supplying  the  maximum  num- 
ber of  lights  that  will  be  required.  The  co.st  of  a  plant  for  this  system 
w'ill  be  very  much  less  than  that  of  the  direct  supply  system,  and  the 
current  sent  to  the  lamps  beiug  quite  free  from  variations  of  intensity, 
the  difficulty  from  the  breakage  of  lamps,  it  is  claimed,  will  be  reduced 
to  a  minimum. 

During  the  past  year  secondary  batteries  uj)on  the  Faure  system  have 
been  applied  practically  for  lighting  railway  carriages  both  in  Englnnd 
and  in  this  country;  and,  without  implying  the  necessary  failure  of 
other  systems,  I  think  it  .^afe  to  say  that  the  ultimate  success  of  the 
electric  light  as  a  practical  competitor  of  gas  will  depend  largely  upon 
the  })erfection  of  the  secondary  battery. 

I  had  occasion  in  my  last  year's  summary  to  characterize  the  year 
1881  (during  which  nearly  8,000  miles  of  new  railroad  were  constructed 
in  the  United  States),  as  a  phenomenal  year  ;  but  in  this  respect  it  must 
yield  the  palm  to  the  year  ju.st  i)as.sed,  during  which  the  enormous  <ig- 
gregate  of  not  less  than  11,000  miles  of  new  road  was  added  to  the 
railway  sy.stems  of  the  country.  There  are  evidences,  however,  that 
the  climax  has  been  reached,  and  that  the  prei^ent  year  will  show  a  nota- 
ble diminution  in  railway  extension. 

In  the  production  of  iron  and  coal,  the  two  most  prominent  indi- 
cators of  our  industrial  condition,  the  figures  of  the  past  year  will  prol)a- 
bly  be  found  not  to  vary  materially  from  those  of  the  year  1881,  which, 
in  both  these  factors,  exceeded  those  of  any  ])reviousyear  of  our  liistoiy. 

The  figures  of  the  pi-oduction  of  the  j)recious  metals  in  l.S82>ho\\  a 

jlit  decrease  as  com|)ared  with  those  of  ISSI. 

The  succ<'ssful  establishment  of  the  i)e('t  sugar  indu.strv  in  the  L'nited 
States,  as  demonstrated  by  the  profitable  operations  of  the  .Vlvaratlo 
factory  in  California  during  the  |)ust  yesu",  is  a  subject  for  congratula- 
tion, as  being  the  first  ])romising  indication  that  the  (Iifficulti<  s  sur- 
rounding the  domestication  of  this  important  industry  ha\e  Ikcu 
8ucc(issfu 1 1 V  overcome. 
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The  introduction  into  the  United  States  of  the  Solvay  process  for 
manufacturing  soda,  commonly  kno^Yn  as  the  ammonia-soda  process,  is 
also  worthy  of  special  note  as  an  important  industrial  event.  The 
glucose  industry  has  fully  maintained  the  phenomenal  rate  of  increase 
that  has  hitherto  distinguished  it,  and  one  establishment  of  really  colos- 
sal proportions  has  been  erected  in  Ciiicago  during  the  past  year,  and 
is  just  now  about  being  put  in  operation. 

The  statement  has  been  extensively  circulated  during  the  past  year, 
on  the  alleged  authority  of  Sir  Henry  Bessemer,  that  a  new  process  for 
producing  the  metal  aluminium  was  being  experimented  with,  giving 
very  promising  results,  which  would  enable  this  metal  to  be  produced 
at  nominal  cost.  Thus  far  no  details  respecting  this  much-to-be 
desired  process  have  been  made  public. 

One  of  the  most  interesting  technical  suggestions  advanced  during 
the  [)ast  year,  was  that  of  Mr.  Mosely  before  the  British  Iron  afid 
Steel  Institute,  to  do  away  with  the  use  of  gunpowder,  or  other  explo- 
sives, in  breaking  down  coal  in  the  mine,  and  thus  avoid  the  danger  of 
igniting  fire-damp,  and  other  dangers  and  inconveniences  attending  the 
present  methods.  For  this  purpose  Mr.  Mosely  employs  lime,  consoli- 
dated into  cartridge.^  by  a  hydraulic  pressure  of  40  tons.  By  a 
sim{)le  and  inexpensive  method  these  cartridges  are  confined  in  the 
bore  holes  in  such  a  manner  that  when  a  quantity  of  water  is  forced 
into  contact  with  them,  the  combined  effect  of  the  steam  generated  and 
the  expansion  of  the  lime  in  slaking,  the  coal  is  broken  clean  from  the 
roof  in  from  10  to  15  minutes.  By  this  method  the  amount  of  wastage 
from  small  coal,  which  is  ordinarily  very  considerable,  is  reduced  to  a 
minimum,  as  nearly  all  the  coal  falls  in  large  masses.  It  completely 
avoids  the  danger  of  igniting  fire-damp,  and  instend  of  vitiating  the 
atmosphere  of  the  mine,  exerts  a  most  grateful  influence  in  purifying  it. 
The  method  is  said  to  work  like  a  charm,  and  has  already  been  intro- 
duced with  much  satisfaction  in  some  of  the  Derbyshire  mines  in 
England,  and  into  certain  Belgian  collieries. 

The  manner  in  which  the  solar  heat  is  maintained  has  always  been  a 
vexed  question  with  physicists  and  astronomers;  all,  however,  have 
hitherto  agreed  that  whatever  its  origin,  the  solar  heat  could  not  be 
indefinitely  maintained,  and  that  the  sources  of  the  seemingly  exhaust- 
less  floods  of  energy  our  central  orb  has  been  radiating  into  space 
for  countless  ages,  must  be  continually,  though  imperce[)tibly,  dimin- 
ishing; that  the  time  must  infallibly  come — though  indefinitely  remote 
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— wlien  the  diminished  intensity  of  the  solar  emanations  wonld  no 
longer  suffice  to  sustain  life  upon  the  earth  ;  and  that  the  ultimate  fate 
of  our  solar  system  was  to  be  reduced  to  the  condiiion  of  an  aggrega- 
tion of  dark,  cold  and  lifeless  planets  with  their  satellites,  circling 
about  a  dark  and  burned-out  sun. 

This  view,  it  is  interesting  to  note,  has  been  challenged  during  the 
past  year  by  Dr.  C.  W.  Siemens.  He  considers  that  the  interstellar 
Sj)acesare  filled  with  gaseous  matter — hydrogen,  hydro-carbons,  oxygen, 
etc.^in  a  very  attenuated  condition  ;  that  the.se  gases  are  attracted  in 
enormous  quantities  towards  the  jiolar  .surfaces  of  the  sun,  passing,  in 
their  approach  to  the  solar  surface,  from  a  condition  of  extreme  tenuity 
and  cold,  to  that  of  compression,  accompanied  with  rise  of  temperature  ; 
that,  finally,  on  reaching  the  jihotosphere,  they  burst  into  flames,  giving 
rise  to  a  great  development  of  heat ;  and  that  the  products  of  combus- 
tion— aqueous  vapor,  carbonic  oxide  and  anhydride — ^}-ielding  to  the 
influence  of  centrifugal  force,  will  flow  towards  the  solar  equator  and 
thence  be  projected  into  space.  He  holds  it  to  be  probable  now,  that 
solar  radiation  would  step  in  to  return  these  combustion  products  back 
again  to  their  original  condition  by  a  process  of  dissociation  carried  on 
at  the  expense  of  that  portion  of  the  solar  energy  that  is  now  suppo.sed 
to  be  lost  to  our  planetary  system  by  radiation  into  space.  This  prob- 
ability he  bases  u|)on  experiments  by  which  he  has  obtained  unmis- 
takablc  evidence  of  the  dissociation  of  waier  vapor  by  the  .'-iniple  action 
of  the  solar  rays.  Upon  this  interesting  and  plausible  hypothesis, 
then-fore,  rhe  rays  of  our  own,  and  of  countless  other  suns  that  are 
traversing  space,  are  made  to  perj)etually  renew  the  supply  of  fuel 
required  for  the  maintenance  of  combustion  upon  the  solar  surface. 

Though  not  unknown  to  |)hysi('i.>^t.'^,  the  j)ractieal  apj)lication  of  the 
spectroscope  as  a  weather  indicator,  by  the  observation  of  the  intensity 
of  the  so-called  rain  band  (the  absorption  spectrum  of  atpieous  va})()r), 
which  oc(uj)ies  a  j)ortion  of  the  .solar  spectrum,  has  of  late  come  to  be 
quite  generally  known  and  practiced.  Its  indications  are  said  to  be 
infallible  in  enabling  one  to  predict  the  occurrence  or  absence  of  rain, 
under  some  circumstances,  for  a  day  or  tw'O  in  advance.  Rain-band 
sj)ectroscopes  have  been  constructed  by  certain  opticians,  so  small  that 
they  may  be  carried  in  the  pocket,  but  so  powerful  and  true  that  a 
glance  of  two  seconds  through  them  suffices  to  tell  an  experienced 
ob.server  the  general  condition  of  the  whole  atmosphere. 

In  November  of  the  past  year  occurred  the  hundredth  anniversary 
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of  the  first  experiments  of  the  Montgolfier  brothers,  at  Avignon,  in 
France,  with  balloons.  The  occasion  was  duly  observed  by  the  several 
European  aeronautical  societies.  The  principal  interest  of  this  circum- 
stance to  us,  is  the  opportunity  it  affords  us  of  noting  how  little  has 
actually  been  accomplished  in  a  century  towards  perfecting  the  art  of 
aerial  navigation.  AVith  the  exception  of  some  trifling  improvements 
in  the  construction  of  the  balloon,  and  a  few  questionably  successful  efforts 
in  directing  its  course,  the  art  of  aerial  navigation  stands,  for  practical 
purposes,  where  the  Montgolfiers  and  their  contemporaries  left  it. 
With  the  perfection  of  the  secondary  battery,  it  is  hoped  that  electric 
motors  may  soon  be  successfully  applied  to  the  directions  of  balloons  ; 
but  thus  far  the  problem  of  aerial  navigation  remains  unsolved. 

In  geology,  perhaj)s  the  most  interesting  event  of  the  past  year  was 
the  announcement  by  Prof.  H.  C.  Lewis  that  he  had  succeeded  in 
tracing  the  terminal  moraine  of  the  great  ice  sheet,  that  covered  the 
northern  portion  of  this  continent  during  the  glacial  period,  in  Penn- 
sylvania, for  a  distance  of  400  miles  across  the  great  divide  between 
the  Atlantic  and  the  Gulf  of  Mexico.  The  southern  limit  of  the 
great  ice  sheet  had  previously  been  traced  from  Cape  Cod  across 
Rhode  Island,  Long  Island,  New  Jersey,  New  York,  Ohio,  Indiana, 
and  other  States  farther  West;  and  Prof  Lewis'  discovery  fills  out  an 
important  gap  that  has  hitherto  been  missing,  and  completes  the  line 
of  the  moraine. 

As  the  direct  outgrowth  of  Pasteur's  classical  researches  in  establish- 
ing the  germ  theory  of  infectious  diseases,  we  may  refer  to  the  announce- 
ment made  during  the  past  year,  of  the  important  discovery  by  Dr. 
Koch,  of  Berlin,  of  the  bachterial  or  parasitic  origin,  and  consequently 
the  infectiousness  of  tubercular  disease.  Dr.  Koch's  conclusions  were 
based  upon  a  multitude  of  observations,  in  the  course  of  w'hich  he 
demonstrated  the  invariable  presence,  in  tuberculous  material,  of 
myriads  of  minute  organisms  possessing  all  the  characteristics  of  bacilli, 
which  he  succeeded  in  identifying,  and  with  which  he  also  succeeded 
in  transmitting  tuberculous  disease  with  all  its  characteristic  symptoms 
to  guinea-pigs,  rabbits,  and  cats,  by  inoculation  ;  and  this  was  succes.s- 
fuUy  done,  not  only  by  transferring  the  tuberculous  matter  from  dis- 
eised  animals  to  healthy  ones,  but  by  employing  the  purified  bacilli 
which  had  been  obtained  by  cultivation  and  reproduction  in  a  jjabidum, 
extending  over  a  period  of  six  months.  Dr.  Koch's  researches  seem 
to  have  all  the  force  of  demonstration,  and  his  conclusions  appear  to 
have  met  with  almost  universal  acceptance. 
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The  Actual  Lateral  Pressure  of  Earthavork.  By  Benja- 
min Baker,  jNI.In.st.C.E.  Re|)rintcd  from  Minutes  Proc.  In.st. 
C.E.,  London.     Van  Xostrand's  Science  Series.     Price,  50  cents. 

This  contribution  to  the  theory  of  retain  in  <>•  walls  is  one  of  the  most 
valuable  that  has  ajipeared  from  tlie  fact  that  it  is  a  compilation  of  a 
larp:e  number  of  experiments,  and  of  dcarly-boujrht  experience  by  one 
who  has  triven  the  question  considerable  thought.  The  long  analytical 
formulae,  so  common  in  treatises  on  earth  i)rcssure,  are  usually  mis- 
lejiding  and  disappointing.  "One  authority  after  another  has  simply 
evaded  the  task  of  experimental  investigation  by  asumiug  that  some 
of  the  elements  affecting  the  stability  of  earthwork  are  so  uncertain  in 
their  operations  as  to  justify  their  rejection,  and  have  so  relieved  them- 
selves from  further  trouble."  Mr.  Baker  has  given  only  empirical 
inductions  from  the  actual  cases  he  has  collected.  The  one  regret  we 
have  to  express  refers  to  a  want  of  systematic  arrangement  for  better 
reference,  which  M'ould  have  greatly  enchanced  the  practical  value  of 
the  book. 

The  conclusions  finally  arrived  at,  of  course,  do  not  differ  nuich  from 
common  custom,  but  the  ])ropor  limits  Avhich  are  given  of  thickness 
and  batir  under  dillerent  conditions  will  be  useful.  Jt  was  found  that 
the  actual  lateral  thrust  of  good  earthwork  wjis  less  than  ordinary  text 
books  would  lead  a  student  to  infer,  and,  on  the  other  hand,  that  by 
practical  examples  of  dock  and  other  walls,  in  actual  works,  a  larger 
factor  of  safety  was  recpiired  to  cover  contingencies  of  various  kinds 
and  degrees.  A  proper  discrimination,  therefore,  between  the  pressure 
of  good  earthwork  alone  and  cither  conditions  would  tend  sometimt^ 
to  lei3sen,at  other  times  to  increase,  the  thickness  of  walls  as  ordinarily 
designated  in  books. 

The  j)aper  is  illustrated  with  a  large  number  of  cuts,  and  is  followed 
by  a  discussion  on  the  conclusions  adva/iced  by  otlier  eminent  P^nglish 
authorities  on  the  subject,  who  add  results  of  their  own  experience, 
either  endorsing  or  modifying  those  of  the  author. 

Altogether  we  can,  perhaps,  nowhere  else  find  such  a  wealth  of  facts 
within  the  same  compass  concerning  the  stability  of  retaining  walls, 
and  the  practical  engineer  will  seldom  hav(;  to  sejirch  in  vain  among 
them  for  a  parallel  case  to  his  own.  R.  H. 
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Ameeican  Foundry  Practice.  Treating  of  loam,  dry  sand  and 
green  sand  moulding,  and  containing  a  practical  treatise  upon  the 
management  of  cupolas  and  the  melting  of  iron.  By  Thomas  S, 
West,  practical  Iron  moulder  and  Foundry  foreman,  (fully  illus- 
trated) New  York,  John  Wiley  &  Sons,  15  Astor  Place,  1882. 

This  is  a  work  such  as  only  a  practical  moulder  could  write,  and  just 
the  kind  of  a  work  needed  by  those  engaged  in  the  craft. 

Tlie  subject,  a  very  dry  one,  would  not  promise  agreeable  reading, 
but  the  way  the  author  has  handled  it  shows  how  a  very  great  amount 
of  instruction,  even  on  so  uninteresting  a  subject  as  moulding  in  sand, 
may  be  rendered  pleasing  reading  matter.  There  is  a  vein  of  humor 
running  through  the  information  conveyed,  which  cannot  help  but 
interest  the  working  moulder,  and  lead  him  to  peruse  its  pages,  when, 
if  there  was  nothing  beyond  the  mere  information  afforded  by  the  sub- 
ject, he  would  probably  only  refer  to  just  such  parts  as  for  the  moment 
were  wanted. 

The  whole  subject  of  moulding  in  green  sand,  in  dry  sand  and  in 
loam,  is  well  handled,  and  numerous  examples  are  given  of  how  to 
mould  patterns,  selected  for  their  known  difficulty,  as  experienced  by 
the  author  himself.  Making  castings  with  but  small  parts  of  patterns 
and  cores  without  boxes.  To  be  able  to  make  castings  from  patterns, 
finished  in  every  detail,  is  not  so  very  difficult  a  matter,  but  to  be  able 
to  make  good,  serviceable  castings  with  only  a  trowel,  a  few  pieces  of 
wood,  and  the  foundry  floor,  shows  a  master  hand  worthy  of  the  name 
of  moulder.  Tiie  author  does  not  go  so  deep  as  this,  but  leads  con- 
siderably farther  in  that  direction  than  is  generally  practiced  in  the 
workshops  of  this  country. 

The  chapters  on  contraction  of  castings,  and  feeding  the  moulds  to 
prevent  it,  straining  of  the  moulds,  burning  on  of  metal,  and  mixing 
and  melting  of  iron,  are  well  mapped  out.  The  work  is  also  inter- 
spersed with  numerous  wood-cuts,  showing  the  manner  in  which  cer- 
tain work  should  be  performed,  making  the  author's  meaning  clearer. 
The  illustrations  showing  improved  forms  of  iron  cupolas,  air  furnaces, 
foundry  ladles,  and  ingot  moulds,  etc.,  are  particularly  good  and 
valuable  to  all  interested  in  the  manufacture  of  iron  and  steel.  The 
book  successfully  fills  a  want,  and  every  mechanic  would  profit  by 
reading  it.  W.  M.  H 
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Paper-s  r»N  Mechaxicajl  Subjects.  By  Sir  Joseph  Wbitworth,  Bart. 
London  :  E.  (t  F.  N.  Sp<>n,  1883. 

The  recent  disCiLssion  in  our  mechanical  journals  of  methods  and 
appliances  for  accurate  measurement,  which  was  evoked  by  the  com- 
pletion of  the  ver\-  ingenious  Rogers-Bond  Comparator,  lends  a  special 
interest  to  the  reprint  of  a  number  of  Sir  Jostpii  Whitworth's  writ- 
ings which  have  recently  been  published  under  the  title  of  "  Papers^on 
Mechanical  Subjects."  Volume  I,  that  Is  now  before  us,  treats  of: — 
"  True  Planes,  Screw  Threads,  and  Standard  Measures."  The  papers 
here  reproduced,  some  six  in  numlx;r,  were  most  of  them  read  at  ditfer- 
ent  times  before  various  scientific  societies,  during  the  period  from  1840 
to  1881,  and  they  afford  an  interesting  illustration  of  the  persistence 
with  which  their  author  has  preaclie<l  the  doctrines  of  standards  and 
interchange  ability.  The  British  "Board  of  Trade"  has  recently 
cro^Tied  his  labors  by  adopting  his  gauges  as  the  final  standards  to 
which  local  authorities  may  compare  any  gauges  which  may  he  sub- 
mitted for  inspection.  It  is  hoped  by  this  means  to  establish  through- 
out the  workshops  of  the  country  an  identity'  in  the  unit  of  measure- 
ment which  will  conduce  to  greater  accuracy  of  workmanship  and  vastly 
increase  the  possibilities  of  interchangeable  manufacturing.  The  suc- 
cess or  failure  of  this  effort  will,  however,  depend  largely  upon  the 
accuracy  of  the  standards  selected ;  and  recent  investigations  le-ad  us  to 
think  that  it  is  by  no  means  certain  that  AVhitworth's  gauges  are  good 
enough  to  accomplish  all  that  the  Board  of  Trade  ex|>ccts  of  them. 

This  step  on  the  part  of  the  Government  is,  of  course,  a  triumph  for 
Whitworth,  and  an  acknowletlgment  for  which  he  has  long  striven. 

In  the  preface  to  the  little  book  before  as,  he  says:  "It  is  in  con- 
sequence of  this  official  recognition  of  the  Gauges,  which  constitutes 
the  last  step  in  the  direction  of  accurate  measurement,  and  the  means 
by  which  increased  simplicity  and  ec-onomy  of  manufacture  have  been 
rendered  possible,  that  I  have  determined  to  bring  together  in  a  per- 
manent form  the  paj)ers  descriptive  of  the  earlier  stages  by  which  this 
last  -Step  has  been  reacheel." 

It  is  interesting  to  note  that  the  preface  al.-o  deplore-s  with  much 
reason  the  want  of  uniformity  in  sizes  and  the  unne-cessan>-  multiplication 
of  sizes  in  many  branches  of  manufactures,  and  points  out  that  a  great 
economy  in  pnKluction  and  improvement  in  the  product  would  result 
from  the  adoption  by  every  manufacturer  of  the  smallest  number  of 
patterns  and  sizes  with  which  the  wants  of  the  consumer  could  be  sat- 


144  Book  Notices.  [Jour.  Frank.  Inst., 

isfied.  As  a  familiar  example  of  this,  the  author  alludes  to  caudles— 
an  illustration  which  comes  home  to  every  one  who  has  had  to  whittle 
down  a  thirteen-sixteeuth  inch  candle  to  get  it  into  a  three-fourth  inch 
socket,  or  wrap  paper  around  a  small  candle  to  make  it  stand  straight 
in  a  stick  an  eighth  of  an  inch  too  large.  Whitworth  says  he  found  in 
one  lars:e  candle  works  eleven  sizes  between  six-tenths  inch  and  one  inch 
diameter,  all  of  uncertain  size,  and  none  of  them  bearing  any  relation  to 
the  sockets  of  candlesticks^  while  the  same  range  could  be  obtained  with 
irreater  convenience  bv  the  use  of  five  sizes  between  the  same  limits 
varving  from  each  other  by  one-tenth  of  an  inch. 

The  first  of  the  j)apers  is  that  on  Plane  Metallic  Surfaces,  and  treats 
of  scraped  surface  plates,  which  api)car  to  have  been  a  novelty  in  1840 
when  this  paper  Avas  read,  the  usual  method  then  in  vogue  to  attempt 
to  produce  true  planes  being  by  grinding.  The  author  points  out 
clearly  the  diiference  in  the  results  obtainable  by  the  two  methods. 

The  interest  attaching  to  this  and  the  succeeding  paper  on  screw 
threads,  is  largely  historical,  as  they  enable  us  to  compare  to  some  ex- 
tent what  was  considered  good  practice  forty  years  ago  with  that 
usual  in  the  best  shops  of  the  present  day.  AYe  can  congratulate  our- 
selves on  a  vast  improvement,  but  undoubtedly  there  is  still  a  wide 
field  for  further  progress  in  the  same  direction.  When  Whitworth 
originated  his  screw  thread  system,  he  apparently  assumed  as  axioms 
that  it  was  inherently  impossible  to  make  a  system  that  would  meet  the 
requirements  of  all  users  of  screws,  and  that  it  was  equally  impossible 
to  arrive  at  the  proi)er  jn-oportions  by  deductive  reasoning  or  mathe- 
matical analy-iis.  His  method  was  simply  to  find  the  average  practice, 
and  to  do  this  he  made  an  extensive  collection  of  screw  bolts  from  the 
principal  workshops  of  England,  and  observed  the  average  pitch  for 
different  diameters,  noting  particularly  one-fourth,  one-half,  one,  and 
one-and-one-half  inches,  and  deviating  from  the  exact  average  only 
when  it  was  necessary  to  avoid  inconvenient  fractious.  The  angle  of 
the  thread  was  likewise  determined  by  adopting  fifty-five  degrees,  the 
average  of  the  various  angles  used  in  difierent  shops.  No  attempt 
was  made  to  find  a  formula  that  would  express  the  pitch  in  terms 
of  the  diameter.  The  table  thus  compiled  covered  screws  from  one- 
thirty-second  inch  to  six  inches  diameter,  while  additional  tables  were 
made  for  pipe  threads  and  for  screws  for  watch  and  instrument  makers, 
covering  screws  from  (me-liundredth  inch  to  one-tenth  of  an  inch. 

In  anotlier  paper  here   reprinted,  Whitworth  makes  a  plea  for  the 


Feb.,  1853.]  Book  Notices.  145 

introduction  in  the  workshop  of  a  decimal  division  of  the  inch,  because 
the  convenient  and  natural  binomial  division  he  thinks  does  not  aiford 
a  unit  sufficiently  small  to  express  those  differences  of  size  which  are 
necessary  in  fitting  parts  of  machinery  together,  and  he  ridicules  justly 
the  use  of  such  loose  and  dubious  terms  as  "full"  and  "scant,"  arguing 
that  a  familiarity  with  the  expression  of  sizes  in  thousandtlis  or  ten- 
thousandths  of  an  inch  would  educate  the  mind  to  an  exact  apprecia- 
tion of  differences  in  size,  and  would  conduce  to  increased  accuracy  in 
workmanship.  It  would,  also,  he  thinks,  euable  the  workman  to  put 
in  permanent  form  the  results  of  his  experience  and  to  impart  his 
knowledge  to  others  in  precise  terms.  It  is  questionable,  however, 
whether  the  adoption  of  such  a  system  to  the  exclusion  of  that  now  in 
use  would  prove  profitable.  It  would  be  highly  impracticable  to  dis- 
card the  usual  shop  and  mercantile  sizes  of  bar-iron  for  example,  and 
yet  to  express  eighths  and  sixteenths  in  three  decimals  would  be  per- 
haps, tedious  and  awkward.  It  certainly  seems  easier  and  quicker  to 
say  "  three  eighths  drill,"  than  to  speak  of  the  same  tool  as  a  "  drill  of 
three  hundred  and  seventy-five  thousandths  diameter."  On  the  other 
hand,  to  introduce  a  new  system  of  shop  sizas  founded  ujwn  the  deci- 
mal division  of  the  inch  would  involve  an  outlay  for  changes  in  gauges, 
reamers,  drills,  mandrils  etc.,  that  would  practically  be  prohibitory. 

In  fact,  the  continued  use  of  the  ordinary  nomenclature  does  not 
seem  incompatible  with  great  accuracy  of  expression,  if  we  restrict  the 
use  of  the  decimals  to  expressing  those  sizes  which  cannot  be  exactly 
given  in  terms  of  the  binomial  division  of  the  inch. 

Whitworth  also  alludes  to  tiie  difficulty  of  keeping  shop  tools  up  to 
size  and  enlarges  upon  the  importance  of  having  fixed  standards  with 
which  to  compare  them.  In  his  ])aper  "On  Measurement,"  he  describes 
in  general  terms  his  well-known  ^Micrometer  Measuring  Machine,  with 
which  he  claims  to  read  differences  of  size  as  small  as  one-millionth  of 
an  inch,  by  use  of  a  "gravity  piece,"  which  will  fall  out  if  the  screw  is 
moved  an  amount  which,  by  calculation  of  the  gearing  and  screw  would 
appear  to  be  this  minute  quantity.  Among  the  decimal  tables  given  in 
this  book  is  the  Whitworth  Wire  Gauge,  which  its  inventor  offers  as  a 
substitute  for  the  Birmingham  and  other  gauges  known  to  the  trade. 
He  proposes  to  call  wire  or  metal  plates  by  numbers,  which  shall 
mean  their  thickness  expressed  in  thousandths  of  an  inch ;  thus  No. 
12  would  be  twelve-thousiindths  inch  thick,  etc.  Simple  as  this  ap- 
pears, it  has  not  been  widely  adopted,  and  it  is  alleged  iigainst  it,  by 
Whole  No.  Vol.  CXV.— (Third  Sekirs,  Vol.  Ixxxv.)  10 
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some,  that  while  it  entirely  revolutionizes  the  present  systems  of  num- 
bering, it  does  not  meet  the  requirements  of  the  manufacturer.  Other 
gauges  give  the  smallest  numbers  to  the  greatest  thicknesses,  and 
then  as  each  successive  "pass"  diminishes  the  thickness,  the  resulting 
product  is  called  by  a  higher  luimber.  In  these  days  of  cheap  micro- 
meter callipers,  it  is  not  apparent  to  the  mass  of  mankind  why  a  simple 
expression  of  size,  thickness,  or  diameter,  in  decimal  parts  of  the  inch 
would  not  answer  all  purposes  of  manufacture  and  sale  with  better  re- 
sults than  can  be  obtained  by  fitting  plates  or  wires  into  notches  in  a 
gauge.  Unless  indeed  the  use  of  a  larger  number  of  figures  is  found 
to  be  too  cumbersome. 

Whitworth,  in  these  papers,  tacitly  assumes  a  degree  of  mechanical 
exactness  for  gauges  of  his  manufacture,  which,  although  it  has  been 
very  generally  conceded,  may  yet  be  proved  not  quite  deserved,  and 
it  is  confidently  predicted  that  gauges  will  soon  be  manufixctured  in  this 
country  with  an  accuracy  superior  to  that  of  Whitworth's  celebrated 
make.  Be  this  as  it  may,  however,  Whitworth  has  been  so  long  re- 
garded as  a  pre-eminent  authority  in  mechanical  matters  that  we  can- 
not but  read  with  respectful  attention  whatever  he  has  written  on 
subjects  which  have  absorbed  so  much  of  the  thought  of  his  long 
life.  We  are  gratified  that  these  interesting  papers  have  been  put  into 
accessible  form,  and  hope  that  this  volume  will  be  followed  by  others 
from  the  same  able  pen.  C.  S.,  Jr. 


Lockwood's  Directoky  of  the  Paper,  Stationery,  and  Print- 
ing Trades.  Containing  a  List  of  Paper  Manufacturers  in  the 
United  States  and  Canada,  and  Paper  and  Paper  Stock  Dealers  in 
the  Principal  Cities.  New  York,  Howard  Lockwood,  Publisher, 
1882;  price  $2.00. 

The  above  partial  title  sufficiently  describes  (he  general  scope  of  this 
octavo  volume  of  about  450  pages,  which  must  prove  very  useful  to 
parties  engaged  in  manufacturing  paper  or  dealing  therein,  and  in  books 
and  stationery.  It  has  a  list  of  the  wholesale  and  retail  booksellers 
alid  stationers  throughout  the  United  States  and  Canada,  and  a  "  com- 
])lete  list "  of  book,  newspaper,  job,  and  lithographic  printers.  The 
directory,  which  is  conveniently  arranged  by  States,  cities,  etc.,  contains 
23,000  names,  and  has  also  the  advantage  of  a  very  copious  index. 
The  whole  arrangement — which  includes  good  paper  and  typography- 
is  excellent  and  creditable  to  the  jxiblisher.  N. 
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Twinkling  and  Scintillation. — Karl  Exner  attributes  the 
colored  scintillation  of  stars  to  the  combined  influence  of  the  regular 
dispersion  of  the  rays  and  the  irregular  refractions  in  the  atmosphere. 
The  scintilhition  \vhen  near  the  horizon  is  colored,  butuncolored  when 
near  the  zenith. —  Wied.  Ann.,  No.  10,  1882.  C. 

Insulite. — A  new  electrical  insulator  is  described  by  V Industrie 
Beige,  to  which  the  name  of  insulite  has  been  given.  The  materials 
which  enter  into  its  composition  arc  wood,  sawdust,  cotton  rags,  papier 
mach§,  and  other  fibrous  substances.  By  a  special  treatment  the 
materials  are  rendered  ])r()of  against  water  and  acids,  and  easy  to  work 
and  shape  in  all  forms.  It  can  be  employed  in  batteries,  or  as  an 
insulator  for  telegraphic,  telephonic,  and  illuminating  wires.  Its 
price  is  much  less  than  that  of  ebonite  or  gutta  percha.  —  Chron.  In- 
dustr..  No.  37.  C. 

Caustic  Lime  in  Coal  Mining.— In  answering  some  objections 
that  have  been  urged  against  the  efficiency  of  lime  in  coal  mining, 
Paget  Mosley  says  that  he  has  found  it  to  answer  every  purpose  in 
respect  of  which  gunpowder  or  wedging  have  been  hitherto  used.  In 
the  Shipley  collieries,  where  the  lime  process  has  been  in  constant  oper- 
ation for  many  months,  it  is  regularly  applied  to  one  of  the  hardest 
seams  in  the  Midland  coal-field,  the  toughest  part  of  which  is  that  next 
the  roof,  and  this  jiortion  could  never  be  got  by  wedging  in  the  ordi- 
nary way,  but  had  subsequently  to  be  hacked  down  into  slack.  By  the 
lime  process,  iiowcver,  the  coal  is  j)arted  clean  from  the  roof  along  the 
entire  face  operated  on. — Nature,  xxvi,  365.  C. 

Fire-proof  Paint. — Vilde  and  Schambeck  make  a  varnish  of  20 
parts  of  powdered  glass,  20  parts  porcelain,  20  parts  ])owdered  stone 
of  any  kind,  10  parts  cidcined  lime,  30  parts  soluble  soda  glass.  The 
powders  are  made  as  fine  as  possible  and  sifted,  and  then  thoroughly 
incorporated  with  the  soluble  glass,  thus  producing  a  syrupy  mass, 
which  can  be  employed  as  a  varnish  or  mixed  with  colors  for  painting. 
The  proportions  of  the  solid  ingredients  may  be  varied  at  pleasure, 
but  it  is  generally  best  to  keep  the  indicated  portion  of  lime.  Silicate 
of  potash  may  be  substituted  for  the  silicate  of  soda  if  desired.  The 
first  coating  soon  hardens  and  a  second  coat  niay  be  applied  from  six 
to  twelve  houi*s  afterwards.  Two  coats  are  sufficient.  The  varnish 
may  be  em|)loyed  as  a  preservative  against  rust. — Chron.  Indudr., 
No.  39.  C. 
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Evaporation  of  Quicksilver  in  a  Vacuum. — H.  Hertz  lias 
made  some  in  vestigatious  of  the  evaporation  of  1  iquitls,  especially  mercuiy) 
ill  a  vacuum.  The  chief  interest  of  his  results  is  connected  with  the 
pressure  of  the  vapor  at  the  ordinaiy  temperature  of  the  air.  Accord- 
ing to  his  exj)crimeiits,  the  pressure  amounts  to  less  than  a  thousandth 
of  a  millimetre  (oue-twenty-five  thousandth  of  an  inch).  The  insig- 
nificance of  this  pressure,  rather  than  any  special  peculiarity  of  the 
quicksilver  itself,  must  be  the  reason  for  the  imperceptible  influence 
which  the  quicksilver  vapor,  in  Geissler  tubes,  produces  upon  the 
discharges.— IF?«?.  Ann.,  No.  10,  1882.  C. 

Use  of  Glycerine  in  Silvering  Glass.— Some  substances  possess 
the  property  of  reducing  silver  salts  and  thus  producing  an  adhesive 
layer  of  brilliant  metallic  silver  on  the  walls  of  the  tubes  which  are 
used  in  the  experiment,  but  unfortunately  the  mirror  which  is  thus 
obtained  is  not  perfect.  Prof.  Palmieri  had  the  happy  thought  of 
employing  glycerine,  which  seems  likely  to  open  a  new  future  to  the 
art  of  silvering.  When  glycerine  is  added  to  an  aramoniacal  solution 
of  nitrate  of  silver,  after  a  while  the  liquid  becomes  brown,  then  it 
deposits  a  black  substance  and  becomes  limpid  and  colorless.  If  the 
mixture  is  re-heated  it  takes  a  gradually  deepening  brownish  hue ;  at 
the  boiling  temperature  it  becomes  black  and  leaves  upon  the  tube  a 
metallic  deposit  of  a  steel  gray  color.  If  some  drops  of  caustic  potash 
are  added  to  the  mixture  of  glycerine  and  ammoniacal  solution,  after  a 
short  time  there  is  a  reduction  of  silver,  which  forms  a  very  brilliant 
precipitate.  If  ether  is  added  to  this  last  mixture  a  metallic  ring  is 
formed  almost  instantly  and  in  a  few  seconds  the  reduction  is  com- 
pleted through  the  whole  mass.  The  agitation  of  the  liquid  renders 
the  reduction  more  uniform.  If  alcohol  is  substituted  for  the  ether, 
the  reduction  is  a  little  more  rapid  and  the  mirror  very  brilliant.  The 
action  of  light  and  heat  modify  this  reaction.  Darkness  favors  the 
brilliancy  and  adhesiveness  of  the  coating.  The  best  result  is  obtained 
with  caustic  potash,  when  the  mixture  is  between  60°  and  70°  (140° 
and  158°  F.)  with  potash  and  ether,  between  30°  and  35°  (86°  and 
95°  F.)  with  potash  and  alcohol,  between  40°  and  45°  (104°  and  113°). 
The  reaction  is  complete  in  eight  or  ten  minutes.  Prof.  Palmieri 
promises  a  second  note  in  which  he  will  give  the  proportions  of  the 
different  ]i(juids  which  arc  necessary  in  order  to  yield  the  best  result. 
—L(s  Jlonflcs,  Sep.  23,  1882.  '  C. 
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Magnetic  Observation  during  the  Total  Eclipse  of  May 
17,  1882. — Tliere  is  still  some  uncertainty  as  to  the  true  cause  of  the 
abnormal  magnetic  variation,  which  is  gen(>rally  observed  during  .-^olar 
eclipses.  Is  it  a  direct  magnetic  action  of  the  two  bodies  Avhich  are  in 
conjunction,  oris  it  a  simple  effect  of  the  variation  of  tem2)eratur('  and 
of  atmospheric  hnmidity,  which  ordinarily  acc'Mn])any  the  i)henome- 
non?  The  observations  at  Zi-Ka-A\'ei,  China,  during  the  ecli])se  of 
May  17, 1882,  seem  to  corroborate  the  second  hypothesis  and  to  remove 
all  prol)ability  from  the  first.  Marc  Dechevrens,  the  director  of  the 
Zi-Ka-\\"ei  observatory,  re])orts  his  own  observations  upon  that  occa- 
sion, and  confirms  his  conclusions  by  comparisons  with  observations 
upon  the  eclipses  of  1868,  at  Celebes,  and  1878,  at  Denver.  He  finds 
additional  confirmation  from  the  disaj)pointment  of  Dr.  Little,  an 
amateur  astronomer  of  Shanghai,  who  was  unable  to  make  the  obser- 
vations which  he  expected  on  account  of  the  cloudy  sky.  [These  con- 
clusions are  confirmatory  of  the  views  recorded  by  Chase,  in  1804. 
Proc.  Ani.  Pldl.  Soc,  vol.  ix;  Trans.  Am.  Phi/.  Soc,  vol.  xiii.] 
L' Astronomie,  i,  270,  C. 

Electric  Properties  of  Flames.— In  1827,  Pouillet  advanced 
the  idea  that  the  elcctri(;ity  of  fiume  is  due  to  the  fact  of  combustiori. 
and,  therefore,  probably  analagous  to  the  electrification  observed  by 
Volta,  on  placing  a  burning  coal  or  pastille  upon  thetoj)of  an  electro- 
scope. In  1854,  Matteucci  exj)lained  the  phenomenon  by  supposing 
that  the  flame  acted  as  an  electrolyte  uj)on  the  two  metallic  electrodes, 
in  the  same  way  as  the  acid  between  the  two  plates  of  a  voltaic  pile. 
This  view  accords  with  one  which  had  been  previously  advanced  by  Han- 
kel.  Jkiff  sought  the  explanation  of  the  j)henomcnon  in  the  thermoelec- 
tric difference  of  the  two  electrodes.  Sir  William  Grove  has  shown  that 
on  bending  a  ])latiinim  wire,  so  that  one  of  its  ends  touches  the  sum- 
mit and  the  other,  the  base  of  the  flame,  an  elwtric  current  flows 
through  the  wire.  At  first  glance  this  phenomenon  seems  to  agree 
with  I  lankcl's  observation,  that  a  flame  is  polarized  longitudinally,  but 
it  is  probable  that  all  these  explanations  should  i)e  modilied  l)y  consid- 
erations of  the  electric  inthience  exercised  by  the  envelopL'  of  heated 
air  whi(rh  surrounds  the  flame.  Elster  and  (Jeitel  hav<'  cxiKirimentcd 
with  Thomson's  (piadrant  electrometer  and  have  found  that  the  flame 
is  not  by  itself  a  source  of  electricity  ;  they  regard  the  production  of 
ele(;tricity  as  a  thei'iuo-elcctric  jjhcnomenon. — L'E/crtriricii,  Oct.  1  "), 
1882.      '  C. 
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Liquefaction  of  Ozone. — Hautfeuille  and  Chappuis  con)pressed 
a  mixture  ot"  oxygen  and  ozone,  in  Cailletet's  apparatus,  under  a  pres- 
sure of  125  atmospheres  and  at  a  temperature  which  was  probably 
below  — 100°  ( — 148°F.).  When  operating  with  a  gas  not  containing 
more  than  10  per  cent  of  ozone,  the  bhie  color  was  very  marked  in  all 
the  chilled  portion  of  the  capillary  tube.  The  experimenters  were 
unable  to  determine  positively  whether  this  coloring  was  due  to  a 
mixed  liquid  of  ozone  and  oxygen,  or  to  a  thin  layer  of  liquid  ozone 
on  the  inner  walls  of  the  capillary  tube.  When  the  ozone  is  liquetied 
in  the  capillary  tube,  it  preserves  its  condition  for  a  considerable  time, 
even  under  atmospheric  pressure,  so  that  it  can  be  examined  and  even 
withdrawn  for  a  few  moments  from  the  chilled  tube. —  Comptes 
Rendus,  xciv.,  1249.  C. 
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Hall  of  the  Institute,  January  17,  1883. 

The  annual  meeting  of  the  Institute  was  held  this  evening  at  the 
usual  hour,  with  the  President,  Mr,  Wm,  P,  Tatham,  in  the  chair. 

Present  86  members  and  15  visitors. 

The  minutes  of  the  last  stated  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers  and 
reported  that  at  the  meeting  held  January  10th,  14  persons  had  been 
elected  members.  He  likewise  presented  the  following  resolutions 
passed  by  the  Board  at  the  meeting  above  named,  viz, : 

Resolved,  1,  That  tiie  Board  of  Managers  of  the  Franklin  Institute 
has  heard  Avith  great  regret  the  proposition  to  transfer  the  Coast  and 
Geodetic  Survey  of  the  United  States  from  the  Department  of  the 
Treasury  to  the  Navy  Department. 

Resolved,  2.  That  a  committee  be  appointed  to  prepare  a  remon- 
strance to  Congress  against  the  proposed  transfer,  and  to  present  said 
remonstrance  to  the  next  meeting  of  the  Institute  for  its  action. 

Resolved,  3,  Tliat  the  committee  shall  consist  of  three ;  and  that 
the  President  be  added  thereto. 

Upon  which  the  President  named  the  following  to  serve  on  the  com- 
mittee, viz,  :  William  Sellers,  William  Helme,  Dr,  Persifor  Frazer, 
and  William  P,  Tatham. 
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On  motion  of  Mr.  Win.  Seller.s,  the  regular  order  of  business  was 
sus})cnded  in  order  to  consider  the  report  of  tlie  connnittee,  which  was 
as  follows : 

The  committee  a])pointed  under  a  resolution  of  the  Board  of  Man- 
agers to  prepare  a  petition  and  remonstrance  to  Congress,  to  be  sub- 
milted  to  the  Institute  for  its  action,  respectfully  presents  the  following 
memorial : 

To  the  Senate  and  the  House  of  Representatives  of  the    United  States, 
Washington,  I).  C.  : 

Petition  and  remonstrance  of  the  Franklin  Institute  of  the  State  of 
Pennsylvania  for  the  Promotion  of  the  Mechanic  Arts,  respectfully 
represent — 

That  your  petitioners  have  heard  with  great  apprehension  of  the 
propo.sal  to  transfer  the  C«>ast  and  Geodetic  Survey  of  the  United 
States  from  the  Treasury  Department  to  the  Navy  Department,  and 
would  respectfully  remonstrate  against  it  for  the  folloNving  reasons  : 

1st.  That  the  Survey  was  under  the  control  of  the  Navy  Depart- 
ment from  1819  to  1832,  and  that  the  results  obtained  were  condemned 
by  the  then  Secretary  of  the  Navy,  Mr.  Southard,  as  unsatisfactory. 

2d.  That  the  existing  (n*ganization  of  the  Coa.st  Survey,  adoj)ted 
after  wise  consideration,  has  produced  magnificent  results,  with 
economy,  rapidity  and  accuracy. 

3d.  That,  in  the  Mords  of  the  report  of  our  committee,  made  in 
February,  1849,  "the  labors  of  the  Survey  ought  to  be  (as  they  now 
are)  divided  among  the  Civil,  Military  and  Naval  talent  of  the  country, 
in  order  to  secure  to  each  of  these  departments  that  knowledge  of  its 
processes  and  determinations  which  are  equally  rccpiired  of  them  all." 

4th.  That  it  would  be  as  uiiwi.se  to  put  the  Army  officers  under  the 
Secretary  of  the  Navy  as  to  put  the  Naval  officers  under  the  Secretary 
of  War,  and  that  cither  arrangement  would  engender  jealousies  and 
siis|)icioiis  which  the  present  organization  avoids. 

")th.  That  the  service  being  a  peaceable  one,  the  civil  element  should 
constitute  the  chief  and  pernianent  part  of  the  organization,  otiierwise 
the  occurrence  of  war,  by  calling  the  military  branches  to  more  con- 
genial duties,  would  not  only  disorganize  the  .service,  but,  for  the  time, 
would  bring  its  operations  to  a  clo.se.  To  guard  against  such  a  nii.s- 
fortune  and  to  insure  that  the  Civil  element  shr)uld  predominate,  the 
Survey  should   remain   under  the  Secretary  of  the    Tieasury,  whose 
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department  represents  the  interests  of  commerce,  which  it  is  the  chief 
end  of  the  Snrvey  to  subserve. 

(jth.  That  when,  in  1848  to  1850,  a  similar  suggestion  was  pending, 
the  proposition  fell  of  its  own  weight  under  the  light  of  discussion 
(see  "  Congressional  Globe,"  vol.  23),  although  chiefly  supported  by 
a  reason  which  has  now  lost  its  force,  namely,  that  the  whole  object  of 
the  Survey  then,  was  hydrographical,  the  Geodetic  branch  of  it  being 
merely  to  supply  a  base  of  landmarks  to  connect  ancl  support  the 
hydrography ;  whereas,  now,  the  object  of  the  Survey  is  to  cover  the 
territorv  of  the  United  States  from  ocean  to  ocean,  so  as  to  connect 
both  coasts,  and  therefore  the  peculiar  service  of  the  Navy  bears  a  much 
smaller  proportion  to  the  whole. 

7th.  That  it  does  not  appear  that  the  Treasury  Department  is  dis- 
satisfied with  the  existing  arrangement  for  the  service,  nor  that  the 
officers  of  the  Survey  are  discontented  with  tlieir  present  head,  nor 
that  the  existing  organization  lias  failed  in  anj-  way  to  justify  the  wis- 
dom of  its  founders. 

Your  petitioners  therefore  pray  that  your  honorable  body  will  main- 
tain a  system  which  has  worked  well  for  nearly  fifty  years,  and  not 
return  to  one  Avhich  experience  has  condemned. 

The  Committee  recommends  the  adoption  of  the  following  resolution  : 
Resolved,  That  this,  the  foregoing  memorial   shall  be  signed  by  the 
President,  and  that  the  Secretary  shall  attach  the  seal  of  the  Institute 
thereto,  and  that  it  be  duly  forwarded. 

Wm.  Sellers, 
Wm.  Helme, 
W.  P.  Tatham, 
Persifor  Frazer. 

The  report  as  read  was  unanimously  adopted. 
The  Actuary  then  presented  the  following : 

Annual  Report  of  the  Board  of  Managers. 

The  Board  of  Managers  of  the  Franklin  Institute  of  Pennsylvania, 
for  the  Promotion  of  the  Mechanic  Arts,  respectfully  j)resents  the  fol- 
lowing report  of  the  operations  of  the  Institute  during  the  year  1882, 
viz.: 

Members. — During  the  year  131  new  members  have  been  added  and 
32  have  resigned. 
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Treasurer's  Report. — The  following-  is  a  condensed  summary  of  the 
report  of  the  Treasurer  for  the  year  ending  December  31,  1<S82: 

Receipts. 
Balance  on  hand  January  1,  1882,          .  SI, 325  G4 

Cash  receiyed  from  inyestments  sold  out,       .     19,-'360  00 
Current  receipts  from  all  other  sources,      .         14,789  00 

$35,074  G4 


Paymei^U. 

Amounts  re-invested,         .              .  .       §18,073  33 

All  other  current  payments,     .              .  15,009  06 

Balance  on  hand  Dec.  31,  1882,     .  .           1,93103 


35,074  04 


Showing  decrea.se  of  money  invested,          .  $880  07 

Increase  of  cash  balance,  .  .  .       000  01 


Balance  the  wrong  way,  ....       280  (50 

Library. — The  average  yearly  increase  in  the  money  value  of  the 
Library,  which  was  estimated  in  the  last  annual  report  of  the  Board  at 
$2,000,  has  been  fully  maintained  during  the  past  year.  Over  800 
bound  volumes  were  added,  and  a  number  of  im))ortant  serial  ])ublica- 
tions  were  acquired  or  completed.  The  Board  of  Managers  refers  to  the 
increasing  importance  of  the  Library  witii  much  gratification.  The 
necessity,  iiowever,  of  additional  room  for  the  proper  arrangement  of 
the  books,  was  felt  more  urgently  than  ever  during  the  last  year,  and 
must  continue  to  increa.se.  The  Board  of  Managers  cannot  pass  this 
subject  without  alluding  to  the  fact  that  the  destruction  by  fire  of  any 
considerable  portion  of  the  Library,  placed  as  it  is  in  a  building  not 
fire-j)roof,  woidd  inflict  great  and  perhai)S  irreparable  loss  u])(»n  the 
Institute  and  the  connnunity,  since  many  of  the  volumes  could  not  be 
re])laced  and  ciinnot  be  found  elsewhere. 

Journal. — The  Journal,  conductc^d  as  heretofore,  by  the  Committee 
on  Publication,  with  the  a.ssistance  of  the  Secretary,  wa.s  more  than 
self-supporting  during  the  past  year.  The  Committee  found  it  nec<'.s- 
sary  to  increa.se  the  edition  printed,  and  the  analysis  of  its  report  shows 
that  the  l)usine.-:s  of  the  Joiknai.  has  never  been  so  large. 

A  general  index  to  the  JornxAL  is  in  preparation,  and  the  Board 
feels  assured  that  its  value  as  a  i-ccord  of  i)ast  progress  foi-  59  years,  will 
be  irreatlv  increased  tluivbv. 
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Lectures. — At  tlie  begiiiniug  of  the  year,  Prof.  S.  T.  Skidmore  com- 
pleted a  course  of  six  illu.strated  lectures  on  "Mechaoics,"  followed  in 
the  order  named  below,  by  Mr.  Henry  Trimble,  with  eight  illustrated 
lectures  on  "JModern  Chemistry;"  Prof.  M.  B,  Snyder,  with  four  on 
"Astronomy;"  Mr.  Reuben  Haines  with  four  on  "Ajiplied  Chemistry;" 
Mr.  A.  E.  Outerbridge,  Jr.,  with  four  on  "Physics;"  and  Mr.  D.  S. 
Holinan  with  one  on  "The  Microscope  and  its  Teachings."  A  num- 
ber of  lectures  instriictive  and  entertaining  were  also  delivered  under 
the  auspices  of  the  Phonetic  Section. 

The  Autumn  Course  was  opened  by  a  course  of  four  lectures  by  Prof. 
F.  B.  Maury,  of  the  U.  S.  Signal  Service,  on  "Meteorology,"  who 
was  followed  in  the  order  named,  by  the  following:  Mr.  Lorin  Blod- 
get,  four  lectures  on  the  "Science  of  Statistics;"  Prof.  AVilliani  H. 
Greene,  four  on  "Explosives;"  Mr.  N.  H.  Edgerton,  three  on  "Dyna- 
mo-Electricity and  its  Application  to  Industrial  Uses;"  and  one  illus- 
trated "Christmas  Lecture"  by  Mr.  D.  S.  Holman.  These  lectures 
ha^•e  been  well  attended.  The  Professors  who  were  elected  in  1881 
have  been  of  material  help  to  the  Committee  in  giving  aid  and  advice 
in  arranging  the  lecture  courses. 

The  Committee  on  Instruction,  with  the  approval  of  the  Board,  de- 
cided to  continue  the  policy  of  issuing  complimentary  tickets  to  mem- 
bers for  distribution  to  friends,  which  has  been  found  to  give  general 
satisfaction.  As  noted  in  the  annual  report  of  last  year,  this  arrange- 
ment makes  the  lectures  practically  free  to  the  public. 

Drawing  School. — The  Drawing  School,  under  the  able  direction 
of  Mr.  William  H.  Thorne,  has  been  very  successful  during  the  past 
year,  and  the  results  are  highly  gratifying.  The  attendance  increased 
to  such  an  extent  as  to  require  the  division  of  the  students  into  seven 
classes  instead  of  four,  as  hitherto.  The  increase  is  shown  by  this 
statement :  The  number  of  pupils  in  1882  was  332,  as  compared  with 
229  in  1881. 

The  accommodations  not  being  sufficient  for  all  these  classes  on  the 
same  evening,  it  became  necessary  to  divide  them,  accommodating  a 
poi-tion  on  two  evenings  and  the  others  on  two  alternate  evenings. 

Special  attention  has  been  paid  by  the  Director  and  his  assistants  to 
bringing  the  school  under  a  general  system,  whereby  the  students  are 
classified  and  promoted  according  to  their  progress.  This  plan  is  found 
to  favor  both  the  improvement  of  the  pupil  and  the  efficiency  of  the 
teacher. 
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Tlic  instruction  in  drawing  given  by  the  Institute  is  in  harnionv  with 
the  practice  of  the  shops,  and  our  students  upon  graduation  are  fully 
qualified  to  use,  interpret,  and  execute  working  drawings  without  hav- 
ing anything  to  learn  or  unlearn. 

The  Board  commends  the  drawing  school  to  the  Institute  as  deserv- 
ing of  hearty  support. 

Sections. — During  the  past  year  an  Electrical  Section  was  establishcn;!, 
which  promises  to  become  useful  in  promoting  the  interest  of  the  In- 
stitute in  this  important  branch  of  science.  The  Chemical  Section  has 
fully  maintained  the  expectations  formed  of  it,  several  useful  and 
important  papers  liaving  been  read  and  discussed  at  its  meetings  and 
published  in  the  Jourxal.  The  interest  in  the  Phojietic  Section 
during  the  past  year  continued  unabated. 

Exhibitions. — The  Committee  having  charge  of  this  sul)ject,  con- 
scious of  the  generally  expressed  desire  that  an  exhibition  should  be 
held  during  the  past  year,  gave  the  question  careful  consideration,  and 
was  brought  to  the  conclusion  respecting  it,  that  it  was  inexpedient  to 
hold  a  general  exhibition,  for  the  reasons,  that  there  was  no  suitable 
building  Avithin  reach  available  for  the  purpose,  and  that  the  condition 
of  the  finances  of  the  Institute  did  not  warrant  the  risk  of  erecting  a 
special  building  for  the  purpose. 

The  suggestion  has  been  made  that  a  special  exhibition,  devoted  to 
electricity  and  its  ai)plicati()ns  in  the  arts,  may  be  held  during  the  pr^ 
sent  year,  should  such  be  the  wish  of  the  Institute  at  large. 

The  crowded  condition  of  every  brancli  of  the  Institute,  which  lias 
been  referred  to  in  several  previous  rejwrts  of  your  Board  of  Mana- 
gers, has  continued  to  make  itself  felt  as  a  serious  inconvenience. 
After  approj)riating  the  rooms  formerly  devoted  to  the  Models  and 
Collection  of  Minerals,  the  rooms  for  the  accommodation  of  the  re- 
maining departments,  namely,  the  I^ibrary,  the  Lecture  Room,  and  the 
Drawing  School,  are  now  so  over-crowded  as  to  tax  to  the  utmost  the 
ingenuity  of  the  Committee  in  charge  to  niakc  i)rovision  for  the  accom- 
dation  of  books  and  students. 

The  necessity  for  new  and  enlarged  acco.nmodations,  which  w.is  re- 
ferred to  la.st  year,  has  come  to  be  imperative. 

To  meet  this  necessity,  the  Board  of  Managers  will,  dnring  the  jji'cscnt 
year,  mikc  a  renewt'd  (iifort  to  obtain  sui)-;'riptions  to  the  building  fund 
sufficient  to  insure  the  erection  of  a   new  and  suitable   building.     The 
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memhers  of  the  Institute  are  earnestly  requested  to  aid  the  Committee  • 
having  this  work  in  charge,  by  every  means  in  their  power. 

By  order  of  the  Board,  William  P.  Tatham,  President. 
The  Chairman  of  the  Committee  on  Library  presented  in  behalf  of 
the  Committee  the  following  report,  which  was  adopted  without  dis- 
sent, viz. : 

The  Committee  on  the  Library  respectfully  reports — 
The   total  number  of    bound   volumes   added    by  purchase    to  the 
Library  during  the  past  year  was  262,     Of  these  158  volumes  were 
purchased  by  the  B.  H.  Moore  Fund. 

The    number  of  unbound   volumes   added  by   purchase  was    113; 
pamphlets,  13. 

Doncdions  were  received  of 

Bound  volumes,  .  .         302 

Unbound  volumes,     .  .  160 

Pamphlets,         ...  .192 

making  the  total  of  564  bound,  273  unbound  volumes,  and  205  i)am- 

phlets  added  to  the  Library  during  the  year  1882. 

Binding. — 244  volumes  have  been  bound  during  the  past  year. 
The  total  number  of  bound  volumes  in  the  Library,  Decemijer  30, 
1882,  was  16,776. 

Serial  Publications. — Five  of    the    most    important    serials    in    the 
Lil)rary  have  been  completed,  viz. : 

"Armengaud's  Publication  Industrielle." 
"  Journal  of  the  Royal  Geographical  Society." 
"  Wagner's  Jahresbericht." 
"  Nouvelle  Annales  de  la  Construction." 
"  Revue  G^nerale  de  1' Architecture." 
The  Committee  has  directed  the  completion  of  the  "  Philosophical 
Magazine  "  and  "Brewster's  Journal,"  which  forms  a  part  of  this  serial ; 
also,  the  reports  of  the  Pennsylvania  Railroad  Company,  and  the  pro- 
ceedings of  the  "American  Railway  Master-Mechanics'  Association." 

Duplic(des. — 88  volumes  have  been  disjiosed  of  during  the  year,  at 
an  average  of  $1.00  per  volume. 

Exchanges  received  for  the  Journal  of  the  Institute  number 
208. 

Number  of  volumes  taken  out  by  members  during  the  year,  2000. 

Charles  Bullock,  Chairman. 
Philadelphia,  Jamiary  16,  1883. 
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The  Trustee  of  the  Pennsylvania  Museum  and  School  of  Indus- 
trial Art  presented  the  following  rej)ort  which  was  received  and 
adopted,  viz. : 

Philadelphia,  January  17,  1883. 
To  the  President  and  Members  of  the  Institute. 

Your  Trustee  in  the  Pennsylvania  Museum  and  School  of  Indus- 
trial Art,  at  the  close  of  another  year,  has  the  honor  to  report,  that  never 
in  the  history  of  the  Museum  has  there  been  so  gratifying  an  attend- 
ance as  that  for  1882,  more  than  one  hundred  and  fifty-nine  thousand 
visitors  having  been  within  its  walls,  a  very  considerable  increase  over 
the  previous  year.  Whatever  a  few  i)eople  may  think  of  the  wisdom 
of  establishing  such  an  institution  in  our  city,  and  its  educational  value, 
there  can  be  no  doubt  of  its  popularity  with  the  masses  and  the  great 
interest  they  take  in  its  collections. 

The  inventory  of  the  Museum  lias  been  completed  and  a  slip  cata- 
logue designates  the  exact  location  of  any  object.  Quite  a  number  of 
very  interesting  things  have  been  loaned  to  the  Museum,  some  of  them 
of  very  great  value,  while  Mrs.  Bloomfield  Moore  continues  her  gifts 
to  the  collection  in  honor  of  her  husband,  and  the  room  containing 
them  is  one  of  the  most  attractive  features  of  the  exhibition. 

It  is  part  of  the  plans  of  the  Trustees  to  store  a  jjortion  of  the  less 
interesting  objects  of  the  Museum  in  the  basement  of  the  building, 
and  to  use  the  room  thus  gained  for  additional  cases,  and  to  have  in 
the  spring,  lectures  delivered  on  art  subjects ;  the  running  of  frequent 
Park  trains  having  rendered  attendance  thereat  very  easy  and  at  trifling 
expense  to  visitors.  The  plan  has  been  tried  with  marked  success  at 
the  Horticultural  building,  in  the  Park,  and  the  course  of  lectures  on 
botany,  delivered  under  the  auspices  of  the  Americjin  Philosophical 
Society,  has  been  well  attended. 

The  Industrial  Art  School,  which  is  so  important  a  part  of  the 
work  of  the  ^luseum,  lias  been  carried  on  at  1709  Chestnut  street,  and 
the  attendance  at  night  has  been  all  the  rooms  would  accommodate. 
About  ninety  pupils  have  received  very  thorough  instruction  from 
their  Principal,  Mr.  L.  W.  Miller,  and  his  able  assistant  in  drawing — 
the  foundation  of  all  art, — painting  and  modelling.  The  Committee 
in  charge  of  the  School  has  aimed  in  the  progressive  three  years' 
course  not  only  to  exalt  the  standard  of  instruction,  but  to  make  it  as 
thorough  as  possible  in  the  various  constructive  and  decorative  arts. 
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that  its  dij)]oma  might  mean  sometliing,  as  it  could  only  be  attained 
by  ability  and  hard  work.  The  Chairman  of  the  Committee  on 
Instruction,  ]Mr.  Frederick  Graff,  has  constantly  urged  this,  and  he  has 
been  ably  seconded  by  Mr.  Miller,  who  has  labored  unceasingly,  and 
whose  heart  has  been  in  the  work. 

The  few  orad nates  of  the  Sc.'hool  have  not  had  the  slightest  dijSi- 
culty  in  getting  remunerative  positions,  showing  the  need  of  such  a 
School,  especially  as  a  training  one  for  teachers,  and  the  Trustees  are 
unanimous  in  thinking  that  when  the  prospect  is  so  bright,  the  want 
of  funds  should  not  limit  the  usefulness  of  the  Museum  and  School. 
Some  progress  has  been  made  to  a  suitable  endowment.  About 
$47,000  have  been  contributed,  a  considerable  portion  given  with  the 
condition  that  fifty  thousand  shall  be  raised,  and  as  the  income  is  much 
wanted  to  carry  on  the  School,  all  interested  in  art  education  and  the 
industrial  prosperity  of  our  city,  should  see  that  it  is  speedily  done. 

Isaac  Norris,  M.  D. 

The  Secretary,  on  behalf  of  the  Chairman  of  the  Committee  on 
Science  and  the  Arts,  reported  that  the  Committee  had  recommended 
the  award  of  the  John  Scott  Legacy  Premium  and  Medal,  to  the 
following  : 

To  Henry  Ashford,  of  Philadelphia,  for  his  "  Apparatus  for  Attach- 
ing and  Detaching  Boats." 

To  D.  K.  Miller,  of  Philadelphia,  tor  his  "  Self-Locking  Padlock." 

And  to  B.  H.  Kemble,  of  Philadelphia,  for  his  "  Improvement  in 
Vehicle  Axles  and  Boxes." 

He  reported  that  the  above  recommendations  had  been  duly  adver- 
tised in  the  Journal  for  the  period  of  three  months,  in  accordance  with 
the  Committee's  regulations,  and  that  no  objections  thereto  had  been 
received. 

The  above  recommendations  were  thereupon  taken  up  and  voted 
upon  separately,  being  in  each  case  approved  without  dissent. 

The  tellers  of  the  annual  election  held  this  day,  between  the  hours 
of  4  and  8  P.  M.,  made  their  report,  whereupon  the  President  an- 
nounced tlie  following  as  the  result,  viz. : 

President  (to  serve  one  year),  William  P.  Tatham. 

Vice  PrcMdent  (to  serve  three  years),  Frederick  Graff. 

Secretary  (to  serve  one  year),  William  H.  Wahl. 

Treasurer  (to  serve  one  year),  Samuel  Sartain. 
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Managers  (to  serve  three  years),  E.  J.  Houston,  William  II.  Tliurne, 
Persifor  Fra/er,  Enoch  Lewis,  William  Helme,  Charhs  H.  Banes, 
Frederick  Fralev,  and  John  J.  Weaver. 

Aiulitor  (to  serve  three  years),  William  \.  Cheyney. 

On  motion  of  ]Mr.  Burk,  a  vote  of  thanks  to  the  tellers  for  their  ser- 
vices was  unanimously  adopted. 

A  ballot  was  thereupon  taken  for  the  election  of  a  Trustee  of  the 
Pennsylvania  MiLseura  and  School  of  Industrial  Art,  which  resulted  in 
the  choice  of  William  H.  Wahl. 

Mr.  C.  John  Hexamer  then  read  a  paper  on  "■  Dust  Explosions  in 
Breweries,"  which  was  illustrated  by  means  of  a  number  of  lantern 
views.     The  paper  appears  in  the  JouRXAr.  for  February. 

Mr.  Robt.  Grimshaw  gave  a  summary  of  the  results  he  had  obtained 
in  determining:  the  influence  of  "Pullev  Diameter  on  the  Driving;  Power 
of  Belts."  Mr.  Grimshaw  illustrated  his  subject  oi-aphically,  and  claimed 
from  a  comparison  of  a  large  nund)er  of  experiments,  to  be  warranted 
in  announcing  results  at  variance  from  those  of  Morin  and  others.  The 
paper  has  been  referred  for  publication. 

Dr.  Constantine  Fahlberg,  by  invitation,  gave  an  account  of  a  new 
sweet  substance  whic-h  had  been  discovered  in  the  course  of  some 
investigations  upon  coal  tar  derivatives.  The  speaker  described  the 
process  of  |)ro(lucing  the  new  body,  and  exhibited  specimens  of  it  and 
its  salts.  He  defined  it  to  be  benzoic  sulphinide  (or  anhydrosulph- 
arainebenzoic  acid).  Its  most  distinguishing  characteristic  is  its  intense 
sweetness,  being  nuich  sweeter  than  cane  sugar.  An  abstract  of  Dr. 
Fahlberg's  remarks  will  appear  in  the  Jouknal. 

The  Secretary,  in  liis  report,  gave  a  review  of  scientific  and  indus- 
trial progress  during  the  year  1882,  (.see  ])age  135)  and  a  dc>cri])tion 
of  the  following  inventions: 

A  "  Revolution  Counter,"  made  by  the  Crosby  Steam  Gauge  &  Valve 
Co  ,  Boston.  This  registei-s  on  a  ratchet-toothed  graduated  dial-plate 
the  number  of  strokes  of  a  cross-head  or  any  other  reciprocating  piece 
of  machinery.  It  is  especially  intended  for  use  with  the  steam-engine 
indicator  (m  locomotives  and  other  very  high-speed  engines,  where  the 
ordinary  devices  would  eitluir  break  or  fail  to  record  all  the  strokes. 

A  "  Substitute  for  Turn  Tables,"  designed  i)y  F.  Lawrence,  of  Phila- 
delphia, 'llni  carriage  is  intended  to  c-.irry  ladles  of  melted  iron,  which 
must  l)e  carried  quickly  and  without  spilling.  Instead  (»f  a  turntable 
a  very  short  curve  may  be  used,  and  a  short  curved   length  of  supple- 
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mental  central  rail  is  used,  slightly  above  the  level  of  the  two  regular 
rails.  Both  wheels  are  rigid  on  each  axle,  and  there  is  no  swivel  to 
either  axle.  But  there  is  a  central  "fifth  wheel"  between  the  two  main 
axles,  and  this  swivels  on  a  vertical  pivot,  and  as  it  engages  the  central 
supplemental  rail  at  the  turn,  the  front  wheels  on  the  fore  axle  are 
raised  clear  from  the  regular  rails  and  the  truck  runs  on  three  wheels, 
rounding  the  sharpest  curves  with  ease. 

"  Cam    Lever    Saw   Set,"    by    C.    E.    Grandy,    Lyndonville,    Vt. 

This  device  is  for  bending  the  teeth  of  large  circular  saws  alter- 
nately to  right  and  left,  to  give  "  set "  or  clearance.  It  is  important 
that  this  bending  be  exactly  equal  on  all  the  teeth,  and  shall  be  done 
so  as  not  to  crack  the  plate.  Mr.  Grandy  uses  a  lever  and  cam,  and 
can  draw  the  thickest  plate  any  desired  amount  without  cracking  the 
bases  of  the  teeth. 

The  "  Gas  Machine  "  of  the  Peerless  Gas  Manufacturing  Company, 
of  1411  Vine  street,  Philadelphia.  This  is  an  automatic  machine,  as 
distinguished  from  the  carburetting  machines,  in  that  it  dispenses  with 
the  use  of  springs,  weights,  etc.,  in  operating  it.  The  gasoline  used  is 
first  converted  into  vapor  by  a  small  gas  jet,  and  a  known  quantity  of 
this  vapor  is  then  mixed  with  a  definite  and  predetermined  quantity  of 
air.  It  is  claimed  that  this  machine  produces  gas  of  a  uniform  quality 
at  all  times.  The  liquid  gasoline  to  supply  the  gas,  is  automatically 
pumped  to  the  machine  in  small  quantities  as  required. 

Wells'  "  Unbreakable  Lamps  and  Oilers,"  offered  for  exhibition  by 
Messrs.  Paine,  Diehl  &  Co.  These  lamps,  etc.,  are  made  of  cast  metal 
and  are  practically  unbreakable. 

Under  new  business,  Mr.  W,  J,  Gregory,  seconded  by  Mr.  G.  M. 
Eldridge,  moved  the  following: 

Whereas,  It  seems  fit  that  a  mark  be  placed  on  the  John  Scott 
Legacy  Medals,  awarded  on  the  recommendation  of  the  Franklin 
Institute,  to  distinguish  them  from  those  awarded  by  other  means ; 
therefore  be  it 

,  Resolved,  By  the  Franklin  Institute,  that  the  form  of  inscription 
on  the  reverse  of  the  John  Scott  Medals,  awarded  upon  recommenda- 
tion of  this  Institute,  shall  be  as  follows  :  "  To  A.  B.,  for  his 

on  the  recommendation  of  the  Franklin  Institute." 

The  resolution  was  adopted.     Adjourned. 

William  H.  1^ Kiu^f  Secretary. 
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BRIDGE  INSPECTION, 


By  W.  S.  Thompson. 

[A  paper  read  before  the  Engineers' Society  of  Western  Pennsylvania,  December  lil,  1882.] 

I  have  been  asked  by  members  of  this  society  to  give  them  some  of 
the  results  of  my  experience  as  an  inspector  of  bridge  material.  To 
oblige  them  I  offer  this  paper,  otherwise  I  would  not  have  trespassed 
upon  your  time,  for  so  much  has  been  written  upon  every  dei)artment 
of  bridge  building  and  in  every  style,  that  I  very  much  doubt  my 
ability  to  say  anything  that  is  new  on  the  subject. 

For  convenience  I  will  divide  the  [)aper  into  the  following  heads : 
Inspectors,  their  duties,  etc. ;  Drawings  ;  Tests. 

INSPECTORS. 

Every  shop  that  buys  any  article,  on  receiving  it,  gives  it  to  some 
one  to  examine  to  see  if  it  is  of  the  proper  material,  size  and  quality. 
This  person,  it  is  clear,  must  have  a  knowledge  of  what  this  article 
should  be  and  what  deviations  are  allowable  from  the  order  for  it. 
You  will  reply,  of  course,  he  must  have  such  knowledge  to  Ik'  able  to 
decide  whether  the  article  is  suitable.  Perhaps  so.  but  I  will  venture 
to  say,  that  if  you  made  such  an  assertion  to  the  foreman  or  manager 
of  a  bridge  shop,  he  would  tell  you  it  might  be  so  in  a  general  way, 
but  that  it  was  not  always  the  case  in  the  appointment  of  those  who 
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are  to  look  after  the  inspection  of  bridge  material  during  manufac- 
ture. All  of  them,  at  least  those  of  the  eight  or  ten  shops  I  have 
visited  recently,  as  well  as  some  inspectors  of  my  acquaintance,  could 
cite  you  cases  of  inspectors  who  had  little  or  no  knowledge  of  their 
duties  and  a  very  indistinct  idea  of  any  sort  of  manufacture. 

What  are  the  requirements  for  an  inspector?  As  he  must  decide 
questions,  to  solve  which  require  a  knowledge  more  or  less  great,  of 
strains,  designing,  draAving,  materials  and  shop  work,  it  is  plain  he 
should  be  familiar  with  each  of  these  subjects,  particularly  the  last 
three,  as  the  first  two  are  generally  looked  after  by  his  employer. 
His  duties  bring  him  in  contact  with  men  of  all  classes,  so  I  may  add 
that  he  should  have  some  knowledge  of  business. 

Next,  what  are  his  duties  ?  He  is  appointed  by  his  employer  to  see  for 
him  that  an  agreement  is  fairly  carried  out,  neither  for  the  purpose  of 
showing  his  (inspector's)  knowledge  and  authority,  nor  for  the  purpose 
of  annoying  and  delaying  the  contractor,  on  the  contrary,  he  should 
rather  assist  him  if  an  opportunity  offered  itself.  I  do  not  mean  that 
he  is  to  consider  himself  in  any  way  an  employe  of  the  contractor, 
but  occasions  sometimes  arise  where  some  such  exertion  on  his  part  as 
can  reasonably  be  asked  for,  will  hasten  the  completion  of  his  em- 
ployer's work.  In  such  cases  it  seems  to  me  to  be  his  duty  to  make 
that  exertion. 

At  times  there  will  be  instances  where  there  is  an  honest  difference 
of  opinion  between  the  inspector  and  the  contractor.  Then  the  former 
must  hear  what  the  latter  has  to  say,  but  make  up  his  own  mind  as  to 
\vhat  is  right,  and  to  hold  to  that  opinion. 

Should  he  think  any  question  that  may  arise  too  important  for  him 
to  decide,  he  should  refer  it  immediately  to  his  employer  and  not  vas- 
cillate  nor  delay,  for  by  acting  in  this  way  he  will  weary  and  annoy 
every  one  and  possibly  stop  his  work. 

While  any  of  his  work  is  being  done  he  should  make  it  his  duty  to 
be  at  the  shop  during  the  usual  office  hours,  unless  he  wishes  others  to 
decide  for  him  such  questions  as  may  arise  during  his  absence.  Of 
course  it  is  not  necessary  for  him  to  ask  permission  from  the  shop  au- 
thoritias  when  he  wishes  to  be  absent,  but  it  is  just  as  well  to  let  them 
know  when  and  how  long  he  intends  to  be  absent,  even  if  it  is  only 
for  an  afternoon.  If  nothing  else,  this  is  at  least  a  courtesy,  and  I  do 
not  think  courtesy  is  disliked  by  any  one. 

The  sliop  is  always    to  supply  him  with  tiie  necessary    labor  for 
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handling  work.  So  far  as  my  experience  goes,  tliere  is  never  any  diffi- 
culty about  this  matter,  provided  he  will  be  reasonable,  except  that 
there  are  times  when  the  labor  cannot  be  given  at  the  moment  it  is 
wanted,  the  exigencies  of  the  shop  not  always  permitting  of  it;  but, 
as  a  rule,  I  have  found  that  the  superintendents  and  foremen  were 
always  willing  to  help  an  inspector  in  every  way,  as  long  as  the  latter 
was  not  all  for  himself  and  thought  of  no  one  else.  The  shop  has  to 
pay  for  the  labor  they  give  him,  therefore  it  is  only  proper  that  he 
should,  as  much  as  possible,  arrange  his  work  and  his  time  for  doing 
it  in  a  way  that  will  put  the  shop  to  as  little  expense  as  possible. 

He  should  avoid  being  distrustful  of  every  one.  If  he  has  cause 
to  believe  that  people  are  dejding  unfairly  with  him,  there  are  many 
ways  of  correcting  the  matter,  or,  at  least,  of  relieving  himself  of 
the  responsibility  resulting  from  such  practices. 

1  have  been  asked  what  errors  an  inspector  should  look  for,  etc.  It 
is  difficult  to  answer  general  questions  in  a  definite  manner,  but 
the  following  may  l)e  answer  to  some  I  have  had  asked  :  Inspection 
can  be  superficial  or  it  can  be  minute,  or  somewhere  between  the  two. 
As  an  instance  I  may  cite  the  following :  An  inspector  had  some  200 
pieces  about  15'  long  and  weighing  800  lbs.  each  to  examine.  He  had 
to  make  at  least  four  careful  measurements  on  each  piece  before  he 
eould  say  they  were  correct."  To  do  this  took  him  about  two  hours  a 
day  for  some  four  or  five  weeks.  Another  inspector  went  over  that 
same  lot,  and  gave  it  what  he  called  a  thorough  inspection  ;  the  time 
he  devoted  to  it,  all  told,  was  not  over  twenty  minutes. 

In  examining  work  it  is  hardly  possible  to  say  what  one  thing  to 
look  for.  Properly  speaking,  however,  and  inspector  should  exj)ect  to 
find  everything  exactly  as  it  ought  to  be.  With  many  inspectors  riv- 
eting is  the  only  matter  that  is  looked  after,  but  there  are  also,  and  of 
equal  importance,  the  size  and  quality  of  the  material  of  the  different 
parts;  the  straightness  of  the  finished  piece;  the  accuracy  of  the  work 
done  upon  it,  such,  for  instance,  as  the  size  and  position  of  the  pin  or 
■other  holes,  or  slots,  and  how  these  will  compare  with  the  other  parts 
with  which  they  are  to  fit.  To  sum  up  in  a  few  words,  he  must  see 
that  the  work  in  all  essentials  is  exactly  what  the  drawing  calls  for; 
also,  that  the  material  and  the  work  done  on  it  is  of  the  (juality  called 
for,  for  any  or  all  of  these  may  be  wrong.  Now,  he  can  examine  one 
piece  for  all  these  requirements;  he  can  examine  all  pieces  for  one 
thing,  as,  say  riveting  ;   he  can  see  that  each    j)iece   is  correct    in  every 
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detail ;  or,  as  I  have  seen  done,  he  may  be  able  to  cast  a  glance  over  a 
Igt  of  work  and  say  whether  it  is  right  or  wrong.  Of  how  this  wa& 
done  I  am  ignorant,  but  of  one  thing  I  am  sure,  the  opinion  as  to  its 
condition  was  not  worth  much. 

There  are  times  when  some  points  in  examination  may  be  omitted  ; 
judgment  and  experience  must  decide  when  this  can  be  done,  but  there 
should  be  no  mere  trusting  to  luck. 

The  manufacturer  is  most  undoubtedly  reponsible  for  all  these 
things.  Inspection  does  not  relieve  him  from  responsibility,  nor  does 
his  responsibility  relieve  the  ins])ector.  The  latter's  employer,  and  the 
manufacturer,  also,  provided  the  inspector  is  competent,  think  the  mat- 
ter is  of  so  much  importance  that  it  is  well  to  have  some  one  to  see 
that  the  agreement  is  fairly  carried  out. 

It  might  not  be  amiss  for  the  inspector  to  remember  "that  he  has 
a  reputation  to  sustain,"  and  that  if  he  is  careless,  others  will  likely  be 
so  too;  also,  that  in  the  oft-quoted  Tay  disaster  there  was  a  strong 
presumptive  evidence  that  the  inspectors  had  neglected  their  duties,  or 
were  ignorant  of  them. 

What  allowance  can  be  made  in  the  way  of  deviation  from  draw- 
ings ?  For  definite  answers  special  cases  would  here  also  have  to  be 
cited,  but  generally  the  following  may  be  made:  As  to  size,  shape  irons 
are  generally  accepted  if  they  are  not  more  than  3  per  cent,  light. 
Rods,  flat  bars,  and  plates  are  more  easily  rolled  to  a  size,  therefore 
they  are  seldom  accepted  if  not  up  to  that  size,  though  under  special 
circumstances  if  the  light  pieces  are  but  comparatively  a  small  propor- 
tion of  the  whole  number,  the  above  percentage  may  be  allowed. 

Riveted  members  should  be  perfectly  straight  except  top  chords  and 
inclined  posts,  which  may  perhaps  be  better  for  having  a  slight  camber, 
but  I  often  find  it  necessary  to  accept  posts  say  30'  long  out  of  line 
by  \".  Some  few  men  work  closer  than  this,  and  it  must  be  acknowl- 
edged it  is  a  very  vital  point.  I  inspected  the  material  for  a  very 
large  bridge,  every  riveted  member  of  which,  except  one,  was  perfectly 
straight;  and  the  error  in  that  one  was,  if  I  recollect  right,  \"  in 
35'. 

Punching  is  not  always  accurate.  If  it  is  not  out  more  than  \"  in 
20'  or  30'  it  is  considered  tolerably  good  work.  In  the  case  of  angles 
used  as  brackets,  if,  after  being  riveted  on,  they  are  within  \"  of  posi- 
tion, it  is  considered  correct.     This  is  usually  near  enough. 

^Vllen  work  of  the  above  kind  must  be  more  exact,  it  should  be  so 
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stated,  as  it  calls  for  an  extra  class  of  work.  In  the  width  of  chords, 
i.  e.,  the  distance  apart  of  side  plates  or  channels,  it  is  usually  con- 
sidered very  fair  work  when  they  are  within  1-16"  of  the  distiince 
called  for,  though  they  must  be  nearer  than  this  when  the  side  plates 
are  thin,  say  J". 

Top  chords  and  posts  siiould  never  have  their  pin  holes  bored  less 
than  the  distance  apart  called  for,  1-32"  excess  in  former  and  1-16" 
in  latter  will  never  do  harm,  except  in  some  few  special  designs. 
Bottom  chord  and  tie  bars  should,  if  they  vary  at  all,  be  less  than  the 
length  called  for.  1-32"  error  in  these  will  not  be  at  all  serious,  pro- 
vided all  the  bars  are  bored  to  exactly  the  same  length.  Struts  if 
bored  within  1-16"  are  near  enough.  Shop  foremen  generally  follow 
the  above  rules. 

In  making  eye-bars,  the  smith  is  allowed  f"  over  or  under  length 
from  out  to  out.  In  thickness  of  head  he  is  allowed  1-32"  under  or 
1-16"  over  required  thickness,  which  he  sometimes  exceeds,  but  noth- 
ing is  allowed  at  the  neck,  as  this  is  apt  to  be  the  weakest  part  of  the 
bar.  In  making  lateral  or  other  similar  rods  he  is  allowed  to  vary  ^" 
either  way  from  required  length.  Other  parts  must  be  made  closer 
than  this,  but  smiths  rarely  forge  very  closely. 

Pins  should  never  be  taken  if  shorter  than  called  for  unless  their 
lengths  are  calculated  for  washers,  and  they  should  be  examined 
closely  to  see  if  they  are  of  uniform  diameter  and  not  gouged  out  at 
the  corners  or  ends. 

Rollers  may  vary  a  little  from  required  diameter,  but  they  must  be 
all  of  the  same  diameter. 

Web  plates  of  girders  of  all  classes  should  be  flat,  but  it  is  custom- 
ary to  allow  the  web  of  large  girders  to  be  slightly  buckled  or  dished 
to  the  amount  of  say  ^"  versed  sine  to  a  6'  chord. 

Mills  do  not  always  deliver  j)lat('s  perfectly  straight.  Have  them 
straightened  if  necessary,  but  otherwise,  when  possible,  use  them  as 
they  are,  for  there  is  no  way  of  straightening  them  except  by  the  sledge 
or  drop  hammer,  neither  of  which  are  very  good  for  the  iron.  For 
other  similar  matters  I  can  only  refer  to  common  sense  and  that  intui- 
tive knowledge  which  is  the  result  of  experience. 

As  to  inspection  at  n)ill.  An  inspector  can  only  seldom  see  the  actual 
rolling  of  his  material  unless  the  mill  men  would  roll  only  to  suit  his 
<'onvenience,  and  even  then  it  would  likely  be  im])mcticable. 

Tension  :uid  bending  tests  of  the  material   can  i)e  made   at  the  mill, 
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though  where  it  is  practicable,  it  is  very  much  better  to  cut  oif'  and 
test  the  test  pieces  at  the  shop  where  tiie  material  is  delivered  ;  this- 
can  easily  be  done  by  ordering  extra  pieces  or  a  few  pieces  of  extra 
length.  The  inspection  of  the  rolled  iron,  however,  is  best  done  at  the 
shop,  for  there  one  can  usually  see  it  to  better  advantage,  to  say  noth- 
ing of  the  fact  that  the  most  serious  flaws  are  generally  made  apparent 
during  manufactua'e. 

My  experience  has  been  that  the  inspection  of  material  at  mill,  ex- 
cept testing,  generally  amounts  to  nothing,  for  often  times  they  have 
to  load  material  (at  which  time  the  examination  is  expected  to  be  made) 
when  the  inspector  cannot  be  there,  or  after  dark  wdien  he  cannot  see ; 
this  is  not  from  any  desire  to  be  contrary,  for  though  they  are  generally 
hard  worked  I  have  found  shipping  clerks  very  accommodating,  but 
at  an  iron  mill  it  requires  them  to  use  their  wits  to  keep  the  yard 
clear. 

Inspectors  necessarily  lose  a  great  deal  of  time  waiting  on  others.- 
This  is  of  daily  occurrence  and  cannot  be  avoided,  and  such  time,  as  a 
rule,  must  be  a  dead  loss. 

I  have  been  asked  what  are  the  faults  of  some  of  the  bridge  shops. 
To  answer  that  I  fear  might  be  considered  as  getting  personal,  though 
undoubtedly  to  my  thinking  all  of  them  have  their  faults,  as,  with  a 
few  exceptions,  they  all  have  one  fault  in  common,  perhaps  I  can  speak 
of  that,  viz.,  painting.  A  bridge-shop  painting  gang  usually  consists 
of  a  lot  of  half-grown  boys  led  by  a  man  who  has  not  a  very  great 
reputation  for  either  force  or  thoroughness.  The  chief  idea  of  the 
whole  crowd  is  to  see  how  fast  they  can  get  over  work.  It  seems  to 
be  of  no  consequence  to  them  whether  the  whole  piece  is  painted  or 
not,  for  they  sometimes  seem  to  think  that  it  is  unnecessary  to  paint 
corners  or  unseen  parts,  so  long  as  the  piece  looks  as  if  it  was  painted. 
Possibly  this  may  be  a  result  of  their  being  usually  hurried,  to  say 
nothing  of  bridge  shop  paint-work  having  to  be  done  out  of  doors  and 
in  all  sorts  of  weather.  I  have  no  doubt  you  will  smile,  but  I  can  as- 
sure you  that  one  of  the  most  satisfactory  painting  gangs  I  ever  came 
across  was  led^by  a  boy  fourteen  years  old ;  most  satisfactory,  because 
the  boy  was  a  good  foreman  and  saw  that  his  gang  did  their  work 
faithfully. 

DRAWINOS. 

The  inspector  seldom  has  anything  to  do  with  the  making  of  draw- 
ings, but  he  has  a  great  deal  to  do  with  them  after  they  are  made,  and. 
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this  generally    under   unfavorable  circumstances,  consequently   he   is 
much  interested  in  their  clearness  and  fullness  of  detail. 

The  bridge  draughtsmen  should  bear  in  mind  that  drawings  are  a 
species  of  picture-writing,  used  to  convey  to  those  employed  in  sh()])s  a 
clear  idea  of  the  wishes  and  intentions  of  those  in  charge  of  design- 
ing. Some  individuals  when  writing  a  letter  will  write  a  good,  clear, 
readable  hand  without  crossing  their  line?,  or  making  fantastic  additions 
to  their  letters  ;  they  also  express  themselves  fully  and  clearly,  conse- 
quently one  can  read  their  letters  rapidly  yet  have  a  complete  idea  of 
their  contents.  Others  write  a  cramped,  illegible  hand,  add  fantastic 
scrolls  to  their  letters,  omit  important  words  and  fail  generally  to  con- 
vey their  ideas  clearly.  With  writers  of  this  latter  style  all  of  us 
know  what  a  time  it  requires  to  find  out  the  exact  import  of  their 
letter.  It  is  the  same  with  drawings.  Some  men  make  their  drawings 
so  clear  that  they  can  be  read  at  sight;  others  again  draw  in  such  a 
manner  that  in  attempting  to  read  their  drawings  you  fancy  that  they 
tried  to  make  them  as  much  like  puzzles  as  possible.  The  draughls- 
men  should  also  bear  in  mind  that  there  is  a  difference  between  the 
style  of  a  drawing  to  be  made  for  shop  use  and  one  that  is  made  for  a 
periodical  or  other  similar  jnirpose;  also,  that  when  he  uses  a  drawing, 
he  has  clean  hands,  a  dry,  quiet,  and  well-lighted  place  to  lay  his 
drawing  and  weights  to  keep  the  corners  down,  and  paper  and  pencil 
to  supply  missing  (lata ;  but  not  unfrequently  the  contrary  of  this  is 
the  case  with  those  in  the  shop,  and  particularly  so  with  inspectors, 
who  often  times  have  to  hold  drawings  in  high  winds  and  at  the  same 
time  use  rule  and  callipers,  etc.  In  other  words,  he  should  not  make 
sheets  too  large,  nor  crowd  too  much  on  one  siieet,  nor  put  so  many 
lines  on  top  of  each  other  that  it  is  difficult  to  follow  any,  nor  omit 
any  figures  that  are  require<l  to  be  known  at  a  given  point  because  they 
can  be  found  on  bill  of  material  or  another  drawing;  thus  necessi- 
tating a  bill  of  material  and  a  couple  of  drawings  to  know,  say,  what 
a  post  end  should  be,  and  he  should  not  imagine  that  pieces  f>f  un- 
faccd  material  arc  always  the  exact  length  called  for. 

Some  may  say  that  the  draughtsman's  time  is  expensive,  and  the 
foreman  would  understand  this  or  that.  True,  the  foreman  generally 
(•5111  do  so,  but  the  foreman  does  not  do  the  work  nor  stand  over  the 
men  doing  it,  consequently  he  has  to  supply  the  onn'.ssion  of  this  })ictnre 
writing  to  his  men,  /.  e.,  do  draughtsmen's  work  to  the  neglect  of  his 
own,  which,  according   to  an   old-fashioned    notion,  is    that    he  should 
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look  after  the  quality  of  the  material  being  used,  what  sort  of  work 
the  men  were  doing,  and  matters  of  similar  kind,  all  of  which  was 
thought  enough  for  him  to  do.  This  latter  may  be  an  old-fashioned 
custom,  but  I  believe  it  is  still  adhered  to  in  locomotive  and  other  ma- 
chine building  shops. 

Foremen  do  not  always  check  the  drawings  to  see  if  they  are  full 
and  complete ;  unfortunately  this  results  sometimes  in  work  being 
spoiled,  simply  because  the  drawing  did  not  state  what  was  wanted. 
True,  the  foreman  could  have  seen  what  the  draughtsman  had  omitted 
if  he  had  been  doing  the  work  himself,  but  his  men  do  not  necessarily 
have  the  same  education  and  ability  as  he  has,  and  drawings  are  as 
much  for  the  men's  use  as  for  any  one  else. 

The  errors  of  draughtsmen,  who  can  be  called  such,  are  not,  as  a 
rule,  in  the  large  matters,  but  in  the  small  ones,  which  they  think  are 
unimportant  and  can  be  left  to  the  shop.  This  is  a  fruitful  cause  of 
delay  and  expense,  generally  small,  though  not  always  so,  and,  in  my 
experience,  is  one  of  almost  daily  occurrence ;  in  fact,  I  doubt  whether 
I  have  had  a  single  span  under  my  charge  for  years  on  which  there 
could  not  have  been  saved  a  few  dollars  and  upwards,  by  the  draughts- 
men paying  a  little  more  attention  to  clearness  and  those  little  things 
which  every  one  knows. 

Great  accuracy  is  unnecessary  in  some  of  the  parts  of  a  bridge 
which  it  will  be  well  to  remember,  as  the  more  dcccurate  the  work  is 
required  to  be  the  more  expensive  it  will  prove,  also  the  fewer  the 
parts  the  cheaper  will  be  the  work.  Short  pieces  of  angle  iron  or  any 
small  pieces  fastened  to  a  member  weigh  little  but  cost  greatly. 

A  drawing  should  be  clear  and  to  the  scale,  with  little  or  no  shad- 
ing, and  when  possible  should  be  Complete  in  itself  without  reference 
to  anything  else.  Time  saved  in  the  drawing  room  is  not  always  an 
economy.  In  making  a  drawing,  a  draughtsman  should  use  as  few 
different  sizes  and  lengths  of  material  as  possible,  for  similarity  in 
sizes  of  pins,  bars,  rods,  and  in  lengths  generally,  saves  in  the  cost  of 
workmanship  and  reduces  the  chances  of  error.  A  theoretical  saving 
of  material  sometimes  necessitates  an  outlay  of  several  times  the 
amount  saved  to  do  the  extra  work,  also,  usually,  each  different  form 
necessitates  a  different  set  of  rolls  for  its  making,  which  may  cause  de- 
lav  in  delivery  of  material.  The  designer  should  have  some  considera- 
tion for  what  is  obtainable,  as  for  instance,  a  variation  of  h  lb.  per  foot 
in  a  12"  channel   only  makes  a  difference  in  thickness  of  web  of  1- 
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100"  closer  than  it  is  possible  to  roll,  unless  there  are  a  large  number 
of  same  weight. 

Plates  and  bars  ordered  by  1-32",  or  .squares  and  rounds  ordered  by 
1-16",  generally  come  either  full  or  scant,  more  likely  the  former. 
1-32"  is  looked  upon  in  bridge  shops  as  somewhat  of  an  imaginary 
quantity,  and  particularly  so  to  ask  it  of  a  blacksmith.  My  own  ex- 
perience has  been  that  by  those  working  on  tools  it  is  considered  to 
mean  .scant  or  full  of  a  given  1-16",  but  a  smith  scarcely  seems  to 
realize  what  it  is.  Tell  him  a  piece  is  to  be  so  many  sixteenths  thick 
and  he  will  come  very  near  it,  but  ask  him  to  make  it  so  many  thirty- 
seconds  thick  and  you  will  be  lucky  if  you  get  it  within  an  eighth. 
The  office  says  the  man  should  be  educiited  up  to  this  close  work,  to 
which  the  shop  j-eplies  that  the  office  should  be  educated  up  to  their 
wants.  1  say,  that  if  the  office  wants  such  close  work,  the  men  are  to 
be  found,  but  they  are  only  to  be  found  in  government  arsenals  and 
tool  making  and  other  establishments  that  require  very  clo.se  work. 

Of  late  days  it  seems  to  be  considered  imj)ortant  only  to  be  very 
careful  to  give  distances  of  rivet  spaciPig.  This  is  no  doubt  of  prime 
necessity  to  the  layer-off,  but  not  so  to  the  machinist  and  inspector,  the 
former  only  wants  to  know  the  distances  he  has  to  work  to,  and  the  one 
governing  point  from  which  he  has  to  start ;  besides  this  the  insjiector 
usually  only  cares  to  know  if  the  number  of  rivets  is  correct,  and  that 
their  spacing  is  approximately  .so.  In  making  drawings,  distances 
from  centre  lines  and  other  governing  points  .should  be  given,  and  all 
parts  that  are  to  be  planed,  bored,  or  drilled,  should  be  so  marked.  A 
hole  or  slot  should  always  be  n)arked  with  the  size  of  the  pin  or  tenon 
that  it  is  to  take;  and  stilting  what  .sort  of  fit  is  required.  Angles  are 
Ix'st  defined  by  their  ba.se and  perj)endicular,and  it  should  be  remembered 
that  sheared  parts  are  not  perfectly  straight  or  smooth;  that  a  punched 
hole  hius  not  ])arallel  sides  nor  is  it  always  exactly  where  it  ought  to  be, 
and  that  when  two  or  more  plates  are  riveted  together  their  united 
thickness  is  generally  greater  than  the  sum  of  their  several  thicknes.ses; 
that  right  and  left  pieces  or  other  complications  are  to  be  avoided  when 
possible,  as  they  are  troul)leson)e  and  liable  to  cau.se  errors;  and  that 
rivet  holes  should  neither  be  too  large  a  proportion  of  the  width  of"  a 
channel  flange,  nor  too  near  its  edge. 

As  few  rivets  should  be  left  to  l)e  driven  in  the  field  as  j)ossible,  for 
they  are  more  expensive  and  less  reliable  than  tho.sc  driven  in  the  shop. 
As  to  the  latter,  shoj)  hands  have  every  convenience  possible,  and  are 
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daily  occupied  in  driving  rivets,  whereas  the  men  in  the  field  have  on 
the  other  hand  almost  every  inconvenience  to  contend  with,  and  driv- 
ing rivets  is  but  a  very  occasional  part  of  their  work. 

TESTS. 

Looking  over  the  results  of  a  large  number  of  specimen  tests  of 
wrought  iron  made  by  myself,  I  find  that  the  results  are  about  the 
same  for  bars,  rods,  plates  (edge  rolled),  angles  and  channel  bars,  viz., 
an  ultimate  strength  of  from  50,000  to  53,000  lbs.  per  square  inch,  gen- 
erally 51,000,  and  an  elongation  in  6"  of  from  16  per  cent,  to  25  per 
cent,  channel  bar  webs,  and  plates  ranging  chiefly  from  16  to  20  per 
cent.  This  I  think  is  due  very  much  to  the  fact  that  in  the  test 
pieces  made  from  these,  it  was  necessary  to  use  a  rectangular  section. 
I  have  tested  sheared  plates  up  to  72"x|^"  with  the  same  ultimate 
strength  as  the  above,  but  the  elongation  varying  from  9  per  cent  to 
16  percent.        • 

Bending  Tests. — Bars,  rods,  and  channel  flanges  with  few  exceptions 
bent  until  flat  or  their  ends  touched  with  a  curvature,  whose  diameter 
varied  from  one-half  to  three  times  thickness  of  piece,  generally  one  and  a 
half.  Plates  and  channel  webs  would  bend  150  degrees,  or  until  their 
ends  touched  with  a  curve  whose  diameter  ranged  from  one  to  four 
times  thickness.  All  bending  pieces  were  about  one  foot  long,  and 
from  2"  to  3"  wide.  Here  it  may  be  well  to  say  that  bending  pieces 
must  not  be  sheared  but  planed,  and  also  have  their  edges  well  rounded 
on  a  grindstone  or  emery  wheel,  so  as  to  remove  any  incipient  cracks. 

These  are  tests  of  such  wrought  iron,  with  but  few  exceptions,  as  has 
been  used  in  the  work  that  I  have  had  charge  of  during  the  last  six 
years.  Of  course  all  will  understand,  that  these  tests  were  applied  in 
line  of  fibre,  as  is  the  ordinary  usage.*  Where  more  than  this  is 
expected,  viz.,  a  strain,  crosswise  to  fibre,  it  is  always  specially  men- 
tioned, as  witness  British  Admiralty  and  other  specifications  The 
reduction  of  area  has  been  omitted,  as  the  measurements  taken  for  it 
are  generally  unreliable,  and  as  Stoney  says,  the  elongation  is  much 
more  reliable  for  any  question  as  to  quality  of  iron. 

I  have  other  tests,  which  are  of  condemned  lots,  but  presume  they 
would  be  of  no  interest,  for  surely  no  one  is  going  to  try  for  the  worst 
material  he  can  get.     I  have  had  but  little  to  do  with  cast  inm,  since 


*  See  table  for  transverse  strength  of  plates. 
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testing  has  become  common,  but  have  about  12  or  15  tests  from  as 
many  heats.  In  these,  the  bars  1"  sq.,  5'  long,  4'  6"  between  .sup- 
ports, it  took  from  650  to  700  lbs.  resting  on  dull  knife  edge  at  centre 
to  break  them,  which  was  a  better  result  than  asked  for.  Of  course 
the  foundry  hands  took  good  care  to  phice  the  bar  on  supports,  same 
side  up,  as  when  cast.  Such  cast  iron  should  only  be  used  in  very 
special  cases,  for  it  is  certainly  much  too  good  to  be  used  in  such  places 
as  mas"onry  plates,  and  washers  of  bridges.  y 

Thus  far  I  eave  only  tested  steel  from  plates  rolled  in  this  country 
from  English  Bessemer  blooms.  I  made  a  large  number  of  tests  from 
these  plates,  both  tension  and  bending  ;  of  the  latter  there  were  over 
100.  The  plates  ranged  in  size  from  12"x  \"  to  24"  x  |".  The  results 
were  very  uniform,  giving  an  ultimate  strength  averaging  70,000  lbs. 
per  square  inch,  with  an  average  elongation  of  30  per  cent  in  6". 
The  bending  pieces  were  planed  from  plate  shearings  very  little 
broader  than  the  test  piece.  All  these  were  well  rounded  on  grind- 
stone, heated  red  hot,  and  dro{)pcd  into  water  of  a  temperature  from. 
70  to  100  degrees.  Nearly  all  bent  180  degrees  flat,  some  few  of 
those  J"  to  I"  cracked  at  edges  when  90  degrees ;  these  latter  were 
then  punched  within  \"  of  edges  without  cracking,  probably  there 
were  invisible  edge  cracks. 

Some  of  you,  no  doul)t,  would  like  to  know  what  .strain  full  size 
pieces,  just  as  they  go  into  a  bridge,  will  stand.  I  have  enough  of 
one  kind,  I  think,  to  satisfy  you,  viz.,  of  tension  nvembers.  1  have 
made  a  few  tests  of  compression  pieces  which  liave  been  published 
elsewhere. 

I  will  first  give  you  the  result  of  four  lots  of  bars,  ranging  from 
\"  to  2"  diameter,  and  from  15'  to  25'  long  with  enlarged  ends  for 
thread. 

1st  lot  consisted  of  60  iron  rods.  14  of  these  broke  in  thread,  the 
rest  in  the  body  of  the  bars  with  12  to  19  per  cent,  elongation.  All 
except  four  stood  over  45,000  lbs.  j)er  .^(jiiare  inch  ;  one  of  these  l)roke 
at  35,000  lbs.,  two  at  40,000  lbs.,  and  one  at  43,000  Ib.s.  per  Miuare 
inch. 

2d  lot;  2.'>  rods.  13  broUc  in  .xcrcw,  tlie  others  elongating  12  to 
16  per  cent.  All  but  one  stood  over  45,(100  Ib.s.  ;  that  one  stood 
44,000. 

The  above  are  oidy  moderately  good. 

3d  lot  ;   38  rods.      1  1  broke  in  screw,  the  others  eldugating  13  to  18 
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per  cent.     All  but  seven  stood  50,000  lbs,  or  over ;    these  broke  as 
follows : 

1 — 38,000  lbs.  per  square  inch. 

1—42,000     "      " 

1—43,000     "      " 

1_48,000     "      "         "         " 

3_49^000     "      "         "         " 

4th  lot ;  30  bars.  Two  broke  in  screw.  All  stood  50,000  lbs.  per 
square  inch  or  over.  Elongation  of  those  that  broke  in  bar,  was  from 
10  to  18  per  cent,  generally  16  per  cent ;  nearly  all  these  broke  within 
2  feet  of  end  of  rod,  as  did  those  in  the  other  lots. 

Another  lot  of  20 — If"  round  rods  with  If"  threads  (all  of  course 
in  thread)  broke  with  37,000  to  40,000  lbs.  per  square  inch  of  rod. 

Before  proceeding  further,  I  may  as  well  state  here,  that  the  above 
lots  of  rods  were  made  by  different  shops,  as  were  also  the  eyebars, 
the  test  results  of  which  I  am  about  to  give  you.  These  I  have 
classed  by  Avidth  of  bar,  as  it  will  give  you  as  good  an  idea  of 
the  average  eyebar  as  any  other  classification. 

I  will  first  give  you  the  results  of  tests  of  some  heads  made  entirely 
by  upsetting,  merely  saying  that  they  have  been  given  to  me,  and  that 
I  did  not  see  the  tests  made  : 

Of  52  bars  about  3|"  wide,  22  broke  in  bar,  elongating  7  to  15  per 
cent.,  and  30  broke  in  the  head.  The  ultimate  breaking  strains  seemed 
too  high,  consequently  I  omit  them,  excepting  to  say  that  one  broke  in 
the  head  at  36,000  lbs.  per  square  inch,  and  two  others  at  42,500  lbs. 

Next  I  will  give  you  results  of  tests  of  eyebars  made  by  piling.  With 
the  exception  of  some  10  or  12  bars,  the  iron  in  all  of  them  showed  a 
good  fibrous  fracture,  and  with  very  few  exceptions,  })erhaps  six,  the 
heads  were  proportioned  by  usual  formula. 

Of  26  6"  bars,  13  broke  in  bar  with  following  strains:. 

5  between  40,000  and  45,000  lbs.  per  square  inch. 

6  "        45,000  and  47,000     "       "         "         " 
1          "         47,000  and  49,000     ''       "         " 

1  "        49,000  and  upwards  "       " 
13  broke  in  head. 

11   between  42,000  and  45,000  lbs.  per  square  inch. 

2  "        45,000  and  48,000     "       " 
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Of  159  5"  bai-s,  80  broke  in  bar: 

2  between  35,000  and  40,000  lbs.  per  square  inch. 

10  "  40,000  and  45,000  "  "  "  " 
17  "  45,000  and  47,000  "  "  "  " 
27  "  47,000  and  49,000  "  "  "  " 
24  "  49,000  and  upwards  "  "  "  " 

79  broke  in  head — one  at  33,000  lbs. 

6  between  35,000  and  40,000  lbs,  per  square  inch. 

36         "        40,000  and  45,000     "  "  "  " 

22         "        45,000  and  47,000     "  "  '   "  " 

11  "        47,000  and  49,000     "  "  "  " 

3  "        49,000  and  upwards  "  "  "  " 
Of  46  4"  bars,  26  broke  in  bar: 

3  between  40,000  and  45,000  lbs.  per  square  inch. 

11  "        47,000  and  49,000     "       "         "         " 

12  "     ■    49,000  and  upwards  "       "         "         " 
18  broke  in  head — one  at  37,000  lbs. 

10  between  40,000  and  45,000  lbs.  per  square  inch. 

1  "        45,000  and  47,000     "       "         "         " 

4  "        47,000  and  49,000     "       "         "         " 

2  "        49,000  and  upwards  "       "         "         " 
Of  19  3"  bars,  14  broke  in  bar: 

5  between  45,000  and  47,000  lbs.  per  square  inch. 

3  "        47,000  and  49,000     "       "         "         " 

6  "        49,000  and   upwards  "       "  "         " 
5  broke  in  head  : 

1  between  40,000  and  45,000  lbs.  per  square  inch. 

2  "        47,000  and  49,000     "       "         "         " 
2         "         49,000  and  upwards  "       "         '• 

From  the  forejj^oing  it  seems  to  me  that  these  results  should  be 
called  good  when 

6"  bars  break  at  45,000  lbs.  and  upwards. 
5"     "         "       "    46,000     '•       "  " 

4"     "         "       "    47,000     "       "  « 

3"     "         "       "    48,000     "       "  " 

With  an  elongation  of  not  less  than  10  i)er  cent,  nor  more  than  25, 
to  be  measured  in  not  h.'ss  tlian  5'.  Bars  of  same  rolling  even  when 
broken   in  the  btxly  will  give  differences  in  ehmgation  ;    14  to  16  per 
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cent,  however,  is  tlie  most  common  elongation  in  the  above  tests.  They 
will  also  break  at  different  strains;  c.  g.  6"x  ^"  bar  broke  at  46,800  lbs. 
per  square  inch,  elongating  12  per  cent.,  when  a  Q"x\\"  bar  broke  at 
49,500  lbs.,  elongating  15  per  cent.  One  3x1  J"  bar  broke  at  46,000 
lbs.  per  square  inch,  elongating  17  per  cent.,  another  3x1  J"  bar  broke 
at  50^000  lbs.,  elongating  17  per  cent.,  all  of  which  bars,  I  believe, 
were  rolled  from  exactly  the  same  stock,  and  seemed  to  me  to  be  purely 
fibrous  and  without  tlaw.  All  who  have  done  much  testing,  know  that 
results  will  sometimes  vary  in  test  pieces  cut  from  the  same  piece  of 
iron,  to  wit,  a  |"  round  ;  but  the  above  variations,  seem  to  be  greater 
than  is  due  to  this  cause.  Some  say  it  is  the  result  of  unknown  factors 
in  the  manufacture  ;  perhaps  the  effect  of  heating  only  a  portion  of  the 
bar.     Is  it  so  ? 

Some  tests  made  at  Watertown  on  5"  and  3"  flats  10'  long  showed 
even  better  than  this,  but  all  those  bars  were  rolled  specially  for  the 
test,  had  no  rough  handling,  and  were  not  heated  or  worked  on  after 
leaving  the  rolls.  From  these  and  other  tests  it  seems  probable  that 
all  double-rolled  iron  bars  will,  if  tested  as  they  leave  the  rolls,  stand 
from  50,000  to  52,000  lbs.  per  square  inch  ultimate  strength,  with  an 
elongation  of  1 5  to  23  per  cent. 

Some  lay  stress  upon  having  a  bar  break  in  the  shank.  I  do  not 
think  it  so  essential,  though  I  prefer  it,  for  when  the  bars  have  elong- 
ated 8  per  cent.,  the  bottom  chords  and  ties  will  have  lengthened  so 
much  that  the  bridge  will,  most  likely,  fall  between  its  abutments. 

I  append  a  table  of  some  tests  of  eyebars,  but  wish  to  give  results  of 
three  here : 

5"xlf "  bars  had  an  elastic  limit  of  27,000  with  an  ultimate  strength 
of  37,800,  broke  6'  from  pin,  little  or  no  weld.  Moral  rolling  mills  do 
not  always  pile  full  length  piles.  I  am  very  sorry  to  say,  I  could  show 
others  like  this,  and  testing  to  destruction  is  often  the  only  way  of  dis- 
covering this  defect. 

A  5"xli"  bar,  12'  centers  had  an  elastic  limit  of  33,000  lbs.,  but 
bi-oke  with  33,500  lbs. 

A  5"  X  1  7-16"  bar,  15'  3"  center,  pins  4f",  had  accidentally  been 
strained  beyond  its  elastic  limit,  being  lengthened  thereby  \";  pin- 
holes had  a  slight  set,  say  1-100".  Elastic  limit  supposed  to  have 
taken  place  at  31,000  lbs.  This  bar  was  loaned  to  me,  provided  I  did 
not  stretch  it  any  more.  I  put  the  bar  into  press  with  4|"  pins,  and 
applied  a  strain  of  15,000  lbs.  per  square  inch,  holding  it  5  minutes; 
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released  this,  and  applied  a  strain  of  20,000  lbs.,  which  was  likewise 
held  5  minutes  and  released.  Finally  a  strain  of  24,-")00  lbs.  was 
applied  for  5  minutes.  The  pin-holes  were  then  measured;  both 
measured  tlie  same,  viz.,  4  25-()4"  transverse  to  bar,  and  4  13-.V2  in 
Jine  of  bar. 

The  test  of  5"  x  1|"  bar  is  given  to  show  that  rolling  mills  are  not 
always  careful,  even  when  paid  for  extra  good  iron.  That  of  o"  x 
1  7-16"  bar  is  given  to  show  that  with  properly  proportioned  heads 
it  is  not  necessary  to  make  pins  fit  holes  so  very  accurately  as  is  often- 
times required.  I  do  not,  however,  advocate  such  a  diiference  as  this 
between  pins  and  pin-lioles,  but  I  do  not  think  that  it  is  allowable  to 
make  pin-holes  1  32"  larger  than  pins  for  diameters  of  4,  4|",  and 
upwards. 

Neither  5"xlf  nor  5"xl|"  bai-s  gave  any  intimation  of  tlieir 
yielding  until  their  elastic  limit  had  been  very  nearly  reached. 

By  some,  great  stress  is  laid  upon  applying  a  proof-strain.  I  have 
personally  tested  several  thousand  bars  and  rods  of  all  styles  of  make, 
but  never  found  one  defect  by  this  proof-strain.  Indeed,  I  have  sub- 
jected eyebars  with  visible  defects  to  this  strain  ;  and  although  I  have 
closely  watched  them,  nothing  more  could  be  seen  than  before  the 
bar  was  under  stress. 

I  have  found  proof-strains  serviceable  only  with  small  things  that 
were  considered  of  no  importtuice  by  the  smith. 

Whenever  the  matter  is  left  to  me  I  never  use  a  proof-strain,  ex- 
cept where  the  ends  are  welded  to  main  body  of  bar  or  rod,  i.e.,  fin- 
ished bar  longer  than  original  bar,  and  then  not  that  I  expect  it  to  be 
of  any  servi(«,  i)ut  becau.se  I  considered  it  to  be  a  safe  plan  to  examine 
a  weld  in  every  possible  way.  In  ])laee  of  proof-strains,  I  siiould 
advise,  in  addition  to  this,  that  a  number  of  extra  tension  pieces  should 
be  ordered ;  and  when  the  whole  lot  are  finished,  that  as  many  be 
chcsen  as  were  ordered  extra,  and  then  break  them ;  but  not  till 
all  are  finished.  The  cast  will  not  be  great,  and  I  am  sure  it  will 
have  a  good  effect,  for  having  tried  it  on  a  small  scale,  I  have  found 
it  to  work  wonderfully  well.  So  I  may  S{iy  I  speak  to  some  extent 
from  experience. 

Some  railway  companies  recpiire  the  modulus  of  each  bar  to  be 
taken.  In  my  exj)erienee  this  cannot  l)e  done  with  any  accuracy  with 
such  appliances  as  are  to  be  foinid  in  shops.  To  be  awurate,  the  bar 
ought   to    be   eounterbalanced    at   .say   every   ten    feet    with    movable 
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weights,  so  as  to  eliminate  the  effects  of  any  sagging  which  is  jn-o- 
duced  bv  weight.  The  pressure-gauges  should  read  accurately  and 
not  approximately,  and  much  more  time  given  to  it  than  ordinary 
shop  testing  will  admit  of. 

I  have  tested  over  5,000  bars  for  their  moduli,  and  all  the  results  I 
have  obtained  lie  between  a  modulus  of  24,000,000  and  30,000,000,  or 
say  extensions  of  .008"  to  .01"  per  foot  for  20,000  lbs.  strain. 

Generally  at  any  one  testing  the  moduli  did  not  vary  more  than 
3,000,000,  of  which  the  equivalent  variation  in  extension  would  be 
.001"  per  foot.* 

In  my  opinion,  even  this  is  greater  than  it  would  be  if  all  soui-ces 
of  error  were  eliminated,  for  I  am  inclined  to  believe,  on  looking  over 
the  tests  I  have  made,  that  the  modulus  of  the  iron  (from  three  differ- 
ent mills)  I  have  tested  lies  between  26,000,000  to  28,000,000,  or  the 
equivalent  extensions  of  from  .0092"  to  .0086"  per  foot  to  20,000  lbs., 
and  that  the  extremes  are  perhaps  even  less  than  here  given. 

Since  writing  the  foregoing,  I  find  that  in  Watertown  tests  of  2510' 
bars  of  two  different  classes  of  iron  from  two  different  mills,  making  the 
lot  referred  to  above,  the  extension  of  21  for  20,000  lbs.  strain  was 
within  the  above  limit;  the  others  had  the  following:  .0093",  .0084", 
and  .008"  per  foot.  I  feel  inclined  to  think  that  this  last  ought  to 
be  omitted.  Taking  them  as  they  are  for  10,000  lbs.  strain  per  square 
inch,  the  variations  in  bars  30'  long  would  be  .021",  or  one  and  a 
half  sixty-fourths  of  an  inch.  In  six  bars  rolled  at  one  mill,  the 
difference  of  extension  for  20,000  lbs.  strain  was  .00048"  per  foot, 
which  would  be  for  a  30'  bar  with  10,000  lbs.  strain,  1-128"  nearly. 

As  so  much  testing  of  bars  has  been  done,  perhaps  it  would  be  well 
to  state  the  different  ways  of  making  iron  eyebars.  As  to  design,  the 
heads  may  be  square,  octagonal,  circular,  pear-shaped,  or  an  oval, 
made  by  striking  the  curves  forming  eye,  from  two  centres  with  same 
radius,  and  connecting  them  by  tangents.  This  is  done  to  give  a 
greater  proportion  of  metal  back  of  eye,  which,  I  think,  is  very  judi- 
cious, because  it  makes  some  allowance  for  the  inaccuracy  of  the  smith, 
and  experience  convinces  me  that  it  aids  very  greatly  in  preventing 

*  These  elongations  for  moduli  were  taken  between  strains  of  10,000  lbs. 
and  20,000  lbs.  perscj/';  previous  to  adopting  this  method  the  elongations 
were  taken  between  strains  of  zero  to  20,(100  lbs.  per  nq/^,  and  I  then  ob- 
tained as  great  variations  as  you  can  find  published,  for  the  unsupported 
length  of  Vjar  was  the  greatest  factor  in  the  result. 
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any  deformation  to  the  eye;  for  when  so  made,  ant  I  other  proportions 
as  usual,  it  is  extremely  rare  for  them  to  break  at  pin-hole.  Old 
English  tests,  and  also  those  of  Chief  Engineer  Sprague,  of  the  navy, 
confirm  this.  Generally  the  third  and  last  shaped  heads  are  used ; 
they  may  be  either  same  or  greater  thickness  than  the  bar,  and  are 
connected  to  the  bar  bv  the  neck,  Avhich  is  formed  of  curves  of  greater 
or  less  radii. 

As  to  manufacture : 

1st.  These  heads  may  be  cut  out  of  a  rolled  plate,  or  ma}'  be  forged 
from  billets,  and  welded  to  the  bar. 

2d.  The  body  of  the  bar  may  be  upset  to  form  the  head,  without 
the  addition  of  any  extra  metal. 

3d.  Piling  pieces  are  put  on  end  of  bar,  and  the  whole  partially 
upset,  after  which  they  are  pressed  or  hammered  into  shaj)e  in  a  die. 

4th.  Same  as  last,  omitting  upsetting. 

5th.  Is  the  Springer  patent.  This  is  rnade  by  bending  a  piece  of 
iron  of  proper  size  and  same  thickness  as  a  bar,  requiring  head  inio 
somewhat  the  shape  exteriorly  of  a  horse-shoe,  with  a  rectangular  slot 
on  the  inside.  This  is  slipped  on  to  end  of  bar,  and  cover-plates,  cut 
to  shape,  placed  on  top  and  bottom.  Tlie  whole  is  then  heated,  and 
pressed  or  hammered  into  a  die,  as  above. 

6th.  Is  the  Kloman  bar,  with  which  you  are  all  acquainted. 

7th.  Is  the  loop  eye,  which  is  formed  by  bending  the  bar  edgewise 
around  a  pin  and  welding  edges  together. 

No.  1,  or  welded  bars,  are  nowadays  considered  inadmissible. 

No.  2,  or  upset  bar,  makes  a  ver>'  good  bar,  and  the  maimfacture  of 
it  will  probably  be  improved,  but  I  am  inclined  to  think  it  would  be 
better  if  they  usetl  a  little  piling. 

Nos.  3  and  4,  or  piled  head,  is  the  one  in  most  general  use,  and 
makes  a  very  good  head;  but  care  should  be  taken  to  keep  the  diam- 
eter of  the  eye  and  radius  of  neck  as  small  as  ])ossible,  the  difficulty  of 
manufacture  increasing  with  diameter  of  eye,  and  the  i)ar  should  not 
be  too  thin  to  hold  its  heat,  nor  six  mid  the  head  be  piled  crosswise. 

'5th.  The  Springer  bar  gives  any  desired  latitude  to  size  of  head. 
All  bars  of  this  make  that  I  have  seen  tested  broke  entirely  clear  of 
the  head,  except  one,  wliidi  l)r()k('  at  |)in-h(ilc  at  49,600  lbs.,  the  head 
having  an  excess  of  only  31  per  cent.  I  have  broken  foiw  heads 
longitudinally  and  transvci-sely,  all  of  which  showed  solid  welding. 

6th,  or  Kloman.  This  makt!s  a  very  good  bar;  i)nt  the  only  tests  I 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  12 


1 78  Bridge  Inspection.  [jour  Frank.  Inst , 

have  of  these  were  made  ou  bars  Mr.  Kloman  tested  for  his  private 
use. 

The  7th,  if  made  by  a  good  smith,  will,  I  believe,  always  break  in 
body  of  bar. 

For  steel  bars,  heads  are  designed  after  same  pattern  as  those  of 
iron,  but  with  them  welding  or  piling  is  not  permissible,  so  that  either 
a  Kloman  head  or  one  made  by  upsetting  is  here  necessary.  The 
Edge  Moor  Iron  Co.  has  a  plant  for  upsetting  steel  bars.  At  the 
time  I  examined  it  I  was  fully  convinced  that  the  process  could  not 
fail  to  make  a  good  head ;  I  have  since  been  told  that  all  that  had 
been  tested  broke  near  centre  of  bar  when  properly  annealed — i.  e., 
whole  length  at  one  time ;  if  only  annealed  at  ends,  they  broke  near 
where  eifects  of  annealing  ceased. 

The  annealing  of  steel  eyebars  appears  from  tests  to  be  a  matter  of 
considerable  importance. 

As  to  round  and  square  rods,  they  have  eyes  and  enlarged  ends  for 
screws,  made  after  the  same  modes  as  eyebars,  except  that  the  diameter 
of  the  ends  of  iron  bars  are  sometimes  increased  by  piling  or  splitting 
the  bur,  putting  in  a  wedge,  and  welding  all  up. 

I  intended  to  have  embraced  specifications  as  a  part  of  my  subject, 
but  I  have  detained  you  long  enough.  I  hope  some  one  will  give  us 
a  paper  on  this  subject,  and  in  it  show  that  some  specifications  ask  for 
iui possibilities;  that  others  have  costly  manufacturing  requirements, 
which  are  omitted  after  the  work  is  let,  and  that  much  also  could  be 
done  to  relieve  the  labor  of  estimating  by  adopting  a  standard  column 
formula  and  by  adopting  rolling  loads  at  so  much  per  foot,  or,  at  least, 
using  standard  engines. 
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Mesults  of  Tests  of  Eye  Bars  with  Heads  made  with  Piling  Pieces — Tests 
made  with  Hydraulic  Machines  fitted  with  Mercury  Gauges.  Bars  varied 
in  Length  from  W-0'^  to  25^-0'^ 


Size  of  Bar 
iu  inches. 


n 


REMARKS. 


6x1% 

24,  .500 

43,700 

6x% 

30,000 

47,000 

6xi 

27,000 

40,  .500 

6x1 

27,000 

42,200 

6xlA 

25,600 

45,800 

6x1 

29,900 

46,500 

6x% 

.30,600 

46,800 

6xlA 

28,800 

47,400 

6x1^ 

28,000 

49,500 

5x1^^ 

28,300 

43,500 

5x1 

31,000 

46,000 

5x1 

28,000 

47,000 

5xlft 

29,000 

48,700 

5xlA 

25,8(J0 

37,000 

5x1% 

28,500 

:?7,800 

5x1 

31,000 

4:2,000 

.ixl 

28,000 

45,000 

5x1% 

28,000 

40.500 

.5x1 

29,  (XX) 

49,000 

6x1% 

30, 000 

49,000 

5x1 

30,000 

50,000 

11 

13 

5 

7 

21 

13 

12 

15 

15 

10 

8-5 

9 

11-5 

4 

5 

4 

14 

9-5 

16 

14 

16 


Broke  at  head. 


Granular. 


Fibrous. 


Broke  at  liead. 


Granular. 


Fibrou.s.  Bar  not  weld- 
ed. 

In  bar,  distance  and 
character  of  fracture 
not  noted. 

Fibrous. 
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Results  of  Tests  of  Eye  Bars,  Etc.,  Continued. 


Size  of   Bar 
In  inches. 

Elastic  Limit  in  Pounds 
per  square  inch. 

Breaking     Strain      in 
Pounds  per  sq.  inch. 

Per   cent,   of   Elonga- 
tion. 

Distance    of  Fracture 
from  nearest  Pin  Cen- 
tre in  inches. 

REMARKS. 

5x1^ 

80,000 

50,000 

16 

20 

Fibrous. 

5xlt^ 

30,400 

51,000 

15-2           1 

60 

1 

" 

5x1 

31,000 

51,000        1 

15 

136 

" 

4x11^ 
4x1  iV 
4xli/g 

28,000 
30,000 
29,000 

43, 000 

10 

1 

Broke  at  head* 

48,600        1 

45,000 

1 

12 

13 

80 

Fibrous. 

4x1t% 

27,300 

47,500        1 

18            ' 

21            , 

.. 

4xlK 

29,000 

47,800 

15-5 

26 

" 

4x% 

34,000 

48,000 

6-8 

24 

Granular. 

4x11^ 

27,400 

48,000 

13-8 

16 

Fibrous. 

4x11^ 

28,300 

48,500 

16-6 

18 

" 

4xlA 

28,700 

48,700 

14 

20 

" 

4x1 

80,500 

49,200 

13 

12 

" 

4x11^ 

30,000 

49,600 

16 

13 

" 

4x% 

32,000 

49, 800 

15 

24 

' 

4x% 

2i),700 

.50,000 

16 

20 

„ 

4x1 
3x1^ 

.31,800 
30,000 

1        50,000 
46,000 

15 

17 

"         Broke  in  bar. 

24 

position  of  fracture 
not  noted. 
Fibrous. 

SxJi 

3x1 

3x1^^ 

\        30,600 

46,400 
,50,000 
.50,  OIK) 

14 
12 

24 

"          Broke  in  bar 
position  of    fracture 
not  noted. 
Fibrous. 

.SI,  700 

17 

22 

1 

3X1J4 

.32,00(J 

'\        .50,000 

15-3 

1 

22 
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RADIANT  HEAT  AN  EXCEPTION  TO  THE  SECOND 
LAW  OF  THERMO-DYNAMICS.* 


By  H.  T.  Eddy,  Ph.  D. 


Since  the  radiation  of  heat  takes  place  by  propagation  through  space 
at  a  certain  finite  velocity,  and  not  instantaneously,  it  is  quite  possible 
for  occurrences  to  intervene  during  the  exchange  of  radiations  between 
two  bodies,  such  as  to  essentially  change  the  distribution  of  heat  which. 
Avould  otherwise  have  ultimately  taken  place. 

I: 1" - - --^1 

2  C,  i' 


A 


B 


To  make  this  evident,  let  us  first  employ  a  mechanical  analogy.  In: 
the  accompanying  figure,  let  there  be  three  parallel  screens  a,  b,  and  c,^ 
the  latter  between  the  two  former,  and  all  three  perpendicular  to  the 
plane  of  the  paper.  Let  them  be  pierced  respectively  by  a  series  of 
equidistant  apertures  a^  a^  a^,  b^  b^  b^,  c^  e^  c^,  situated  in  the  plane  of 
the  paper,  and  let  these  apertures  be  so  placed  that  a^,  b^,  e^,  are  upon 
one  straight  line,  not  quite  at  right  angles  to  the  screens;  then  are  a^, 
^2,  Cg,  etc.,  and  a„,  6„,  c„,  upon  lines  parallel  to  rtj,  6j,  Cj.  Now  conceive 
the  screens  a,  6,  c,  to  have  a  common  uniform  velocity,  u,  in  the  direc- 
tion from  C2  to  Cp  Also,  let  a  series  of  projectiles  be  discharged  from 
any  fixed  position.  A,  at  the  left  of  the  screen  a,  at  such  instants  as  to 
pass  the  first  one  through  the  aperture  aj,  the  second  through  a^,  etc.,. 

*  From  the  Proceedings  of  the  Ohio  Mechanics'  Institute,  May  25,  1882^ 
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and  let  the  direction  of  discharge  bo  perpendicular  to  the  screens,  and 
the  velocity,  v,  such  that  each  one  shall  just  reach  the  screen  b  in  time 
to  pass  through  the  first  aperture  of  that  screen  which  crosses  its  path. 
Then  would  the  screens  a  b  c  in  no  way  interfere  with  the  j)assage  of 
these  projectiles.  I^et  us  denote  the  space  at  the  left  of  a  as  the  space 
A,  and  that  at  the  right  of  b  as  the  space  B.  Then,  if  there  be  a  con- 
tinuous discharge  of  pi'ojectiles  from  all  points  of  the  space  A,  only  a 
part  of  them  can  pass  through  the  apertures  of  a.  Such,  however,  as 
succeed  in  passing  a,  will  pass  b  and  c  also.  Again,  let  a  .second  di.s- 
charge  of  projectiles  take  place  from  the  space  B,  but  directed  toward 
the  left  perpendicularly  to  the  screens,  ^o  tliat  the<e  projectiles  move  in 
a  precisely  opposite  direction  from  those  first  mentioned.  Let  the  pro- 
jectiles from  B  have  the  common  velocity  v'.  Such  of  these  projectiles 
as  succeed  in  pjissing  through  the  apertures  of  b  will  impinge  on  c  at 
points  between  its  apertures,  in  ca.se  c  be  placed  at  a  proper  distance 
from  b.  Let  the  surface  of  c  which  faces  6  be  |)erfectly  reflecting,  and 
let  the  parts  between  its  apertures  be  either  concave,  or  a  series  of  in- 
clined planes,  so  directed  that  each  of  the  projectiles  on  rebounding 
will  pass  back  through  one  of  the  ajjcrtures  in  b.  When  the  velocity 
v'  of  the  projectiles  is  large  compared  with  that  of  the  screens  u,  the 
projectiles  am  be  made  to  return  through  6  very  nearly  perpendicularly, 
either  by  returning  each  projectile  through  that  a|)erture  from  which  it 
started  or  through  some  following  one. 

The  paths  of  the  projectiles  relative  to  the  .screens  can  be  readily 
found  by  impressing  upon  the  projectiles,  in  addition  to  their  velocities 
V  or  v',  a  velocity — u,  numerically  equal  and  opposed  to  that  of  the 
screens,  while  the  .screens  themselves  are  at  rest.  The  composition  of 
these  velocities  will  give  the  required  relative  velocity. 

In  order  to  apply  the  mechanical  analogy  just  considered  to  the  case 
in  hand,  let  us  replace  the  suppo.sed  projectiles  by  i-adiations  which 
emanate  from  warm  bodies  situated  in  the  spaces  A  and  H,  and  let  the 
only  radiations  at  first  considered  betho.se  in  a  direction  perpendicular 
to  the  screen. 

It  is  then  evident  that  with  such  a  series  of  apertures  as  are  repre- 
sented in  the  figure,  the  screens  a  b  c  could  be  given  such  a  velocitv  ?/, 
as,  accompanied  by  reflections  from  c,  woidd  transfi.'r  ratliations  from 
the  body  A  to  B,  unaccom])anied  by  a  compensjiting  transfer  from  B 
to  A;  and    thus  the   IhmIv  B  would   i)c  heated   at   the  expense  of  .1. 


184  Radiant  Heat.  [Jour.  Frank.  Inst., 

Even  if  radiations  at  the  apertures  in  a  and  6  be  not  confined  to  rays 
perpendicular  to  the  screens,  but  take  place  instead  in  the  manner  usual 
at  plane  surfaces,  it  is  still  evident  that  the  usual  interchange  of  radi- 
ations has  been  eifectively  interfered  with,  and  that  the  body  B  would 
be  heated  at  the  expense  of  A.  In  case  the  radiations  from  the  body 
B  are  reflected  back  through  the  same  apertures  from  which  they 
started,  it  is  quite  unnecessary  to  have  the  series  of  apertures  in  the 
screen  a  at  equal  distances ;  it  is  only  necessary  that  the  series  of  aper- 
tures in  6  and  c  correspond  to  those  in  a.  Indeed,  each  aperture  in  b 
can  be  conceived  to  be  completely  surrounded  by  a  concave  semi- 
cylindrical  reflector  attached  to  c,  of  such  a  form  as  to  return  to  h  all 
radiations  from  it  when  moving  with  the  velocity  u.  This  can  cer- 
tainly by  eifected  if  the  apertures  in  b  are  mere  points,  and  can  be 
closely  approximated  to  when  they  are  small.  Now,  if  there  be  in 
this  cylinder  a  proper  aperture  for  the  admission  of  the  normal  radi- 
ations from  A  through  a,  it  is  evident  that  the  radiations  passing 
through  this  aperture  from  B,  being  oblique,  are,  when  the  bodies  are 
of  equal  temperature,  less  than  those  of  A  passing  through  the  same 
aperture,  according  to  the  well  known  law  of  radiations  that  the  in- 
tensity is  proportional  to  the  cosine  of  the  angle  between  the  ray  and 
the  normal  to  the  radiating  surface.  It  is  seen  that  with  a  sufficiently 
large  value  of  u,  it  would  be  possible  to  overcome  any  difference  of 
temperature,  however  great. 

In  order  to  form  an  estimate  of  the  amount  by  which  the  radiation 
from  A  io  B  exceeds  that  escaping  from  B  through  c,  let  us  suppose 
that  ihe  temperatures  of  A  and  B  are  equal,  and  that  the  velocity  v  of 
the  radiations  from  A  and  B  is  the  same ;  and,  further,  let  the  screen  c 
be  midway  between  a  and  6  at  a  distance  p  from  each.  Let  the  problem 
be  to  compute  the  ratio  between  the  radiations  which  pass  through  a 
given  aperture,  as  Cj,  from  a^,  and  from  b^,  respectively,  on  the  suppo- 
sition that  the  heat  radiates  from  the  equal  apertures  a^  and  b^,  as  from 
plane  surfaces,  in  the  usual  manner. 

Suppose  that  the  linear  dimensions  of  the  apertures  are  infinitesimal 
compared  with  p,  and  let  the  letters  Oj  b^  Cj,  considered  as  numerical 
magnitudes,  designate  the  areas  of  the  apertures  a^  b^  Cj  respectively. 
Let  d  be  the  angle  between  a  ray  and  the  normal  to  the  surface  from 
which  it  radiates.  Let  a  sphere  of  radius  p  be  supposed  to  be  described^ 
about  some  point  of  b^  as  a  centre,  and  let  s  be  the  area  of  that  part 
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of  its  surface  included  within  the  cone  of  rays  passing  from  the  centre 
to  the  periphery  of  the  aperture  Cj ; 

then  — 2  =  ~2^  cos  d  \^) 

pi        ^ 

in  which  r  is  tlie  distance  passed  over  by  the  ray  from  h  to  c. 

Also  p  =  r  cos  d  (2) 

therefore  s  =  c,  cos^  d  (3) 

Now  the  heat  radiated  from  6i  is  directly  proportional  to  the  area  J,,  to 

the  area  s,  and  to  cos  0,  but  inversely  proportional  to  p^-, 

bi  s  b^  (\  /^\ 

hence  — ,"  cos  d  =  — ^  cos*  d  \'*) 

p^  p^ 

is  proportional  to  the  heat  radiated  from  6,  through  Cj. 

Similarly,  — ^-  (^) 

is  proportional  to  the  heat  radiated  from  a^  through  Cj,  since  it  passes 
c  normally.  Now  the  heat  passing  from  6,  to  Cj  must  evidently  move 
in  a  direction  to  overtake  the  aperture  Cj,  and  to  do  this  it  must  evi- 
dently take  a  direction  such  that  d  is  defined  by  the  equation 

tan  6  =  —  or  cos-  d  =  -v.- — p- ,  l"j 

Hence,  by  comj)aring  expressions  (4)  and  (5),  and  substituting  from  (6), 
it  a|)j)ears  thai  the  heat  radiated  from  a^  through  c,  is  greater  than  that 
radiated  by  an  equal  surface  b^  through  c,,  in  the  ratio  of  {y^  +  4u^)^ 
to  v^,  in  case  the  temperatures  of  a^  and  6j  are  equal.  If  the  tempera- 
ture of  a^  were  lower  than  that  of  6,,  this  ratio  would  be  diminished  ; 
but  by  increasing  u,  the  ratio  can  still  be  made  to  exceed  unity,  thus 
confirming  the  observations  ])reviously  ma'^e.  Neither  is  it  essential 
that  the  radiations  all  take  place  at  the  same  velocity.  The  reflectors 
can  be  arranged  for  some  one  velocity,  and  they  will  then  send  back  the 
radiations  to  B,  which  have  that  velocity. 

P('rha|)s  the  most  simple  ideal  arrangement  for  effecting  the  proposed 
interference  with  the  radiations  naturally  taking  place  between  two 
b(Mlies,  is  to  suj)pose  the  apertures  distributed  around  the  circumferences 
of  equal  circles,  upon  three  parallel  disks  fixed  upon  a  common  central 
axis,  so  that  the  plane  of  the  paper  in  the  figure  becomes  the  surface  of 
a  circular  (ylinder,  in  which  case  the  required  velocity  n  can  be  given 
to  the  ajjcrtures  by  simple  rotation.     Let  us  for  brevity  call  such  an 
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arrangement  a  radiation  syren,  or  simply  a  syren,  as  it  slightly  resem- 
bles in  its  mechanical  details  the  acoustic  instrument  called  by  that 
name.  Now,  theoretically,  no  expenditure  of  energy  is  necessary  to 
preserve  the  uniform  velocity  of  the  moving  parts  of  this  syren  ;  and 
once  started  with  a  sufficiently  high  velocity  of  rotation  and  proper 
adjustment  of  reflectors,  it  would  transfer  heat  from  the  body  A  to 
B,  regardless  of  their  temperatures,  provided  no  radiations  are  per- 
mitted except  those  perpendicular  to  the  disks,  excluding,  of  course,,  all 
radiations  to  and  from  all  bodies  other  than  A  and  B.  It  would  also, 
as  before  shown,  transfer  heat  from  a  colder  body  to  a  hotter,  even 
though  the  radiation  follow  the  general  law  of  radiations  from  plane 
surfaces. 

It  is  needless  to  state  that  the  action  of  the  syren,  regarded  as  a 
possible  physical  process,  is  directly  at  variance  with  hitherto  accepted 
axioms  and  conclusions  respecting  the  second  law  of  thermo-dynamics. 
It  is  true,  we  should  at  first  thought  be  inclined  to  the  belief  that  the 
laws  of  heat  should  suiFer  some  modification,  in  case  we  assume  differ- 
ing rates  of  propagation  not  infinite,  but  we  should  hardly  be  prepared 
to  admit  the  startling  conclusions  which  must  flow  from  such  modifica- 
tion, if  the  physical  process  just  sketched  be  admitted  to  be  valid;  and 
these  I  shall  now  proceed  to  develop. 

I  think  it  may  be  readily  perceived  that  the  axioms  of  Clausius,  upon 
which  he  founds  the  second  law,  viz.,  that  "  heat  can  not  of  itself  pass 
from  a  colder  into  a  hotter  body,"  when  applied  to  radiations,  implicitly 
assumes  that  the  heat  is  radiated  with  infinite  velocity ;  for  it  takes  no 
account  of  the  states  of  relative  rest  or  motion  of  the  bodies  between 
which  heat  passes. 

The  axiom  of  Thomson,  "  It  is  impossible,  by  means  of  inanimate 
material  agency,  to  derive  mechanical  eifect  from  any  portion  of  matter 
by  cooling  it  below  the  temperature  of  the  coldest  of  surrounding 
objects,"  is  obnoxious  to  the  same  criticism  ;  and,  as  I  have  stated  else- 
where,* these  should  not  be  called  axioms  at  all,  since  we  are  not  in  a 
])osition  to  bring  sufficient  experience  to  bear  upon  them  to  affirm  their 
validity  or  want  of  validity.  Indeed,  if  the  process  of  the  syren  be 
admitted  to  be  possible,  we  are  now  in  a  position  to  assert  that  there 
exists  an  unexj)laincd  contradiction,  which  does  not  permit  us  to  con- 
sider them  as  ap})licable  to  radiations  of  heat  propagated  at  finite 
velocities. 

*Thero-dynanucs,  New  York,  1879. 
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What,  it  seems  to  me,  tlie  statements  of  Clausius  and  Thomson  just 
quoted,  really  asserted,  was  tiie  historical  fact  that  at  the  date  when 
they  were  made  no  one  had  as  yet  invented  any  machine,  or  discovered 
any  principle  on  which  it  was  possible  to  construct  a  machine,  which 
could  successfully  accomplish  what  these  said  had  not  been  done ;  and 
it  was  further  implied  that  no  such  machine  could  probal)ly  ever  be 
invented,  nor  any  such  principle  discovered. 

In  complete  accord  with  this  statement  is  that  of  Kirchhoif,  made  in 
his  lectures  upon  the  Theory  of  Heat  during  the  summer  semester  of 
1880,  in  which  he  said,  if  correctly  reported,  that  the  second  law  can 
not  be  (at  present)  proved  ;  but  it,  so  far,  has  never  been  found  in 
disagreement  Avith  experience. 

It  is  well  known  that  Maxwell  has  proposed  a  process  to  accomplish 
this  very  object ;  namely,  to  transfer  heat  from  a  colder  to  a  hotter 
Ixxly,  in  the  following  manner:  If  we  sup{)Ose  minute  beings,  endowed 
with  .senses  sufficiently  acute,  and  having  a  c()rresj)onding  agility  to 
guard  minute  openings  in  the  diaphragm  separating  two  portions  of  the 
same  gas,  which  openings  are  only  large  enough  for  a  single  molwule 
to  paas  at  once,  they  would  be  able,  without  expenditure  of  energy,  to 
open  and  close  the  openings  in  such  a  way  as  to  allow  each  molecule 
impinging'at  an  opening  to  pass  through  or  not,  as  they  should  choose. 
If  they  permitted  only  those  molcx'ules  having  more  than  the  mean  vis 
viva  to  pass  in  one  direction,  and  only  those  having  less  than  the  mean 
to  pass  in  the  opposite  direction,  then  the  gas  in  one  side  of  the  dia- 
phragm would  gain  energy  at  the  expense  of  that  on  the  other  side. 
That  this  ])rocess  is  actually  at  present  beyond  human  ability,  does  not 
show  that  we  may  not  at  .some  future  time  be  able  to  accomplish  what 
Maxwell  propo.sed.  If  this  be  admitted,  then  the  conclusions  which  I 
shall  draw  later  from  the  lack  of  generality  in  the  .second  law  of 
thermo-dynamics  flow  to  a  limited  extent  from  the  possibility  ot"  this 
process.  But  Maxwell's  proc&ss  assumes  the  kinetic  theory  of  gases  as 
its  basis,  and  stands  or  falls  with  it.  Antl  if  the  second  law  is  a 
necessary  ultimate  metrhanical  j»rin('ij)le,  holding  for  all  boditis  great 
and  small,  the  above  consequence  of  the  kinetic  theory  of  gases  being 
in  contradiction  to  the  second  law,  is  fatal  to  the  validity  of  the  kinetic 
theory.  But  I  do  not  now  .so  regard  tlie  .second  law.  1  am  com|»elled 
to  regard  it  as  merely  an  approximation  in  the  ca.se  of  radiations,  and 
to  regard  it  in  general  with  Maxwell  and  with  Boltzmann,*  as  merely 
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the  mean  result  flowing  from  the  laws  of  propabilit}^,  though  it  had 
previously  seemed  to  me  possible  to  show  it  to  depend  upon  funda- 
mental considerations,  respecting  the  nature  of  heat  as  a  form  of  energy 
as  was  stated  in  my  work  previously  referred  to. 

To  advert  to  the  consequences  which  are  thus  made  to  flow  from  the 
established  fact  of  the  finite  velocity  of  radiant  heat,  we  may  mention 
that  if  the  law  of  the  dissipation  of  energy  is  no  longer  to  be  regarded 
as  of  universal  validity,  it  being  obviated  by  the  process  of  the  syren, 
it  is  just  as  possible  to  avail  ourselves  of  the  heat  stored  in  cold  bodies 
as  in  hot  ones,  and  thus  to  employ  the  heat  of  a  glacier  to  drive  a 
steam  engine,  or  to  perform  other  like  feats  heretofore  regarded  as 
impossibilities.  When  I  say  it  is  just  as  possible,  I  do  not  imply  that 
it  is  now  just  as  practicable,  or  perhaps,  ever  will  be  so.  That  these 
observations  are  just  is  seen  when  we  reflect  that  the  process  of  the 
syren  simply  heats  a  given  body  at  the  expense  of  any  other,  regardless 
of  temperatures,  by  a  method  requiring  the  expenditure  of  no  energy. 
It  thus  appears  that  it  is  possible  to  avail  ourselves  of  the  heat  existing 
in  bodies  below  the  lowest  thermometric  levels  of  surrounding  objects. 

It  may  be  objected  that  the  syren  renders  a  perpetual  motion  a  pos- 
sibility. That  depends  upon  the  definition  of  perpetual  motion  which 
we  adopt.  In  the  popular  acceptation  of  that  term,  the  process  of  the 
syren,  as  well  as  that  of  Maxwell,  would  make  something  near  that 
possible.  But  when  correctly  viewed,  the  process  of  the  syren  does 
not  imply  the  possibility  of  a  perpetual  motion,  any  more  than  does 
combustion  or  using  the  available  energy  of  any  chemical  process.  It 
simply  proposes  to  employ  the  finite  amount  of  energy  existing  in  a 
given  body,  in  the  form  of  heat,  in  a  given  way. 

It  is  admitted  by  all  that  heat  could — a  part  of  it — be  made  to 
do  w(H'k  by  parting  with  some  of  it  to  a  cooler  body.  The  question  is 
whether  this  last  part,  which  has  been  imparted  to  a  cooler  body, 
can  be  restored  or  transferred  to  the  warmer  body  again  without  the 
expenditure  of  energy.  Rankine  evidently  believed  such  a  transfer 
possible;  for,  in  a  paper  on  the  "  Reconcentration  of  the  Mechanical 
Energy  of  the  Universe,'"  he  has  supposed  it  possible  to  reflect  radia- 
tions in  such  a  way  as  to  give  the  universe  such  differences  of  temper- 
ature as  to  insure  it  a  new  lease  of  life.  Clausius,  in  his  admirable 
paper  on  the  "  Concentration  of  Rays  of  Light  and  lieat,"^  has  shown 

'Philosophical  Magazine  (4)  4,  358. 
^Mechanical  Theory  of  Heat,  Chapter  XII. 
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the  general  impossibility  of  such  a  reconeentration  as  Rankine  sup- 
posed, when  the  radiating  bodies  are  at  rest ;  nevertheless,  no  such 
impossibility  may  finally  appear  in  case  of  the  actual  universe,  which 
is  a  system  of"  moving  bodies. 

The  law  of  the  dissipation  of  energy  has  been  apj)lied  to  the  universe 
at  large,  and  if  the  consequences  which  have  been  drawn  from  its 
supposed  validity  are  to  be  regarded  as  no  longer  expressing  a  necessary 
law,  then  we  are  led  to  affirm  that  without  a  change  in  the  laws  of 
nature,  as  at  present  known  to  us,  it  is  possible  for  increasing  differences 
of  temperature  to  be  caused  without  the  expenditure  of  energy,  how- 
ever improbable  the  supposition  may  be  that  such  is  the  fact,  and  how- 
ever improbable  it  may  be  that  such  differences  are  actually  being 
cau.sed  on  a  scale  sufficient  to  interfere  in  any  practical  way  with  the 
progress  of  the  dissipation  of  energy,  as  affirmed  by  Thomson,  or 
check  the  increase  of  the  entropy  of  the  universe,  as  stated  by  Clausius, 
Still  it  may  be  remarked  that  a  large  part  of  the  exchange  of  heat  in 
the  univei'se  takes  place  in  the  radiant  form  ;  and,  it  seems  to  me,  that 
it  remains  to  be  proved  what  the  fact  actually  is,  and  consequently  I 
must  regard  it  as  still  an  open  question,  as  to  ^vhetller  on  the  whole 
the  availal)le  energy  of  the  universe  is  being  dissipated,  and  its  entropy 
increases  or  not. 

Lest  the  foregoing  remarks  should  be  construed  as  in  any  sense 
undervaluing  the  splendid  discoveries  of  Clausius,  i  homson,  and  Ran- 
kine in  the  domain  of  thermo-dynamics,  let  me  disclaim  such  an  inter- 
pretation entirely,  and  say  that  my  only  wish  is  to  add,  if  possible,  to 
the  exactness  and  completeness  of  those  theories,  which  are  among  the 
most  important  of  modern  physics. — Univer<^ity  of  Cincinnati, 
April  ^'J,  1882. 

Note. — Professor  J.  Willard  Gibbs  has  suggested  to  me  that  we  are 
not  at  liberty  to  assume  that  reflections  or  railiations  taking  place  at 
moving  surfaces  follow  the  same  laws  as  from  surfaces  at  rest ;  and  that 
a  perfect  reflector,  movmg  in  a  medium  through  which  luminoas  waves 
are  being  propagated,  may  suffer  a  resistance  which  would  require  the 
expenditure  of  as  much  energy  as  could  be  obtained  by  the  proposed 
process.  Admitting  for  the  moment  the  justness  of  these  observations 
respecting  reflections  and  radiations  from  moving  surfaces,  T  shall  ho|)e 
to  show,  in  the  first  place,  that  the  syren  may  be  so  adjuste<l  that  no  such 
resistance  need  be  encountered,  and  in  tiie  second  place,  that  it  is  possi- 
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bles(»  to  modify  the  syren  that  no  reflections  or  radiations  need  take 
place  from  moving  snrfaces. 

In  the  discussion  of  the  first  point,  let  us  consider  the  case  of  a  ray 
falling  perpendicularly  upon  a  perfect  reflector.  The  only  numerical 
magnitudes  susceptible  of  variation  in  this  radiation  are  its  wave  length 
and  amplitude,  the  velocity  being  assumed  constant  and  dependent  upon 
the  elasticity  of  the  medium.  When  the  reflector  moves  in  its  own  plane 
at  right  angles  to  the  ray,  it  cannot,  apparently,  be  seriously  urged  that 
the  reflected  ray  will  have  either  its  wave  length  or  its  amplitude 
changed  by  the  reflection.  For,  so  far  as  can  be  seen,  the  wave  length 
would  suflfer  a  change  and  be  shortened  only  by  giving  the  reflector  a 
motion  toward  the  approaching  ray,  thus  crowding  the  waves  together. 
Neither  would  the  amplitude  be  changed,  for  to  do  this  would  require 
the  moving  plane  to  impart  tangential  impulses  to  the  ether,  such  as 
can  be  compounded  with  the  transverse  motions  already  existing.  If 
such  be  the  tangential  action  of  the  moving  plane  on  the  ether,  we 
should  be  led  to  the  apparently  inadmissible  result,  that  since  a  moving 
plane  may  impart  tangential  impulses  to  the  luminferous  ether,  a  disk 
rotating  with  sufficient  velocity  in  vacuo  would  become  self-luminous. 

It  would  seem  but  reasonable,  in  our  present  imperfect  knowledge 
of  the  subject,  to  conclude  that  the  only  resistance  which  a  perfect 
reflector  experiences  while  moving  against  a  ray  is  normal  to  its  sur- 
face, and  to  be  represented  by  a  normal  pressure.  Even  if  this  view 
be  not  regarded  as  entirely  correct,  it  may,  nevertheless,  be  confidently 
affirmed  that  the  tangential  must  be  small  compared  with  the  normal 
resistance,  just  as  a  frictional  resistance  of  a  gas  is  small  compared  with 
that  arising  from  direct  pressure  upon  a  body  moving  through  it. 
Hence  it  is  seen  that  in  spite  of  friction,  it  is  possible  to  make  a  ray 
turn  a  mill  whose  vanes  are  perfect  reflectors,  in  the  same  manner  as 
the  wind  turns  a  wind-mill;  and  the  energy  expended  will  in  that 
<;ase  be  withdrawn  from  the  ray  itself.  Now  the  rotating  screen  c  of 
the  syren  may  be  regarded  as  such  a  mill,  the  surfaces  of  whose  vanes 
may  be  so  inclined  as  to  return  radiations  coming  from  B,  partly  to 
apertures  in  front  of  those  from  which  they  emanated,  and  partly  to 
those  behind,  so  as  to  exert  no  force  either  to  accelerate  or  retard  c. 
Should,  however,  energy  be  expended  in  moving  c  against  the  reflected 
ray,  this  energy  must  exist  immediately  after  the  reflection  in  the 
reflected  ray,  and  be  transmitted  by  it  to  B.  Hence  we  are  led  to  the 
following  remarkable  result :  On  the  hypothesis  that  radiations  cause 
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pressure  at  surfaces  at  which  they  sutler  total  reflection,  a  part  of"  the 
energy  of"  the  radiation  may  be  expended  in  moving  the  reflector 
against  a  resistence,  while  the  remainder  is  all  reflected  to  the  body 
from  wliich  it  emanated.  It  is  to  be  noticed  that  this  process  of  the 
reflectinff  mill,  or  mill  as  it  may  be  ctdled  for  brevity,  is,  if  possil)le,  in 
more  pronounced  and  unequivocal  contradiction  to  the  second  law  than 
that  of  the  syren.  For  the  latter  calls  in  question  the  accepted  law  of 
mutual  exciianges,  and  the  second  law  as  dei)ending  upon  it;  but  the 
former  applies  to  a  single  body  alone,  as  B,  and  a  moving  reflector. 
For  example,  let  B  have  no  radiations  except  those  through  the  aper- 
tures b;  then  if  that  part  of  its  radiations  which  are  not  expended  in 
turning  c  are  returned  to  it,  it  is  possible  for  the  mill  c  to  be  turne<l  by 
radiations  from  B,  until  the  energy  of  B  is  all  expended  in  perform- 
ing work,  thus  withdrawing  all  heat  from  B,  while  no  heat  has  been 
transferred  to  anv  other  body  in  the  manner  required  by  the  second 
law,  and  this  regardless  of  the  temjierature  of  surrounding  objects.  It 
therefore  seems  to  me  that  the  supposition  of  a  pressure  at  reflecting 
surfaces  is  more  dir.-ctly  opposed  to  the  second  law  than  that  of  no 
pressures. 

In  regard  to  the  second  j)oint  mentioned,  it  seems  (piite  possible  to 
construct  a  syren  sucJi  that  the  reflections  in  it  shall  all  take  place  from 
stationary  surfaces,  or  from  those  whose  velocity  differs  from  zero  by 
less  than  any  assignable  (juantity.  For,  let  the  mean  velocity  u  of  the 
screens  be  the  same  as  before,  but  not  continuous.  Instead,  let  its 
motion  consist  of  sudden  steps  forward,  each  of  which  is  half  the  width 
of  an  aperture.  The  possibility  of  a  mechanical  arrangement,  which 
could  effect  this  motion  without  ex|)enditure  of  energy,  with  the  aid 
of  perfect  sj^rings,  fly-wheels,  detents,  etc.,  to  any  required  degree  of 
approximation,  will,  I  think,  be  admitted,  certainly  by  any  one  who 
can  admit  that  Maxwell's  "  .sorting  demon  "  exj)ends  no  energy  in  open- 
ing and  closing  apertures.  It  will  be  seen  that  the  reflections  all  take 
place  from  .screens  at  rest  (or  nearly  so)  in  this  modified  .^^yren,  and 
that  the  .same  transmissions  occur  through  its  apertures  as  have  here- 
tofore been  supposed  to  take  place.  I  am  not  inclined,  however,  to 
insi.st  on  the  special  kind  of  aj)paratus  wiiich  I  have  ])r<)po.sed  for 
rendering  sensible  the  jjhcnomonon  which  I  believe  to  exist  during  the 
time  in  which  radiations  are  in  ])rocess  of  becoming  established,  as 
contemplated  in  the  ordinaiy  law  of  thcinial  exchanges.  The  point 
to  which  I  would  emphatically  direct  attention  is,  that  since  radiations 
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are  known  to  be  moving  in  space  apart  from  ponderable  bodies,  and 
subject  to  reflections,  it  is  possible  so  to  deal  with  them  as  to  completely 
alter  their  destination,  and  successfully  interfere  with  all  results  flow- 
ing from  Prevost's  law  of  Exchanges.  It  also  seems  to  me  that  the 
exactness  of  the  second  law  of  thermo-dynamics  depends,  as  far  as 
radiations  are  concerned,  upon  that  of  this  law  of  exchanges. 

Cincinnati,  May  18,  1882.  H.  T.  E. 


CRANK  PINS  OF  MARINE  ENGINES. 


By  J.  H.  Whitham, 

Cadet  Engineer,  U.  S.  N, 


In  compiling  appended  table,  the  co-efficient  of  friction  was  assumed 
to  be  0'05.  The  table  contains  crank-pin  data  from  the  modern 
English  and  American  naval  and  merchant  vessels.  In  each  case  the 
engines  were  performing  well  and  at  full  power.  The  Miantonomah 
is  the  only  exception,  and  she  has  not  as  yet  had  a  fair  trial  of  her 
machinery,  but  her  crank-pin  should  run  cool,  as  she  has  an  excessive 
margin  of  safety,  both  as  regards  the  projected  area  of  pin  and  its 
pressure  and  the  work  of  friction  per  unit  of  area.  Comparing  the 
performances  of  English  and  American  crank-pins,  it  is  seen  that  the 
work  of  friction  and  pressure  per  square  inch  of  projected  area  for  the 
former  exceed  those  of  the  latter ;  also,  that  no  one  method  has  been 
followed  in  designing  each  of  them. 

On  page  70,  Prof.  Marks'  treatise  on  "  The  Steam  Engine,"  the 
work  of  friction  per  square  inch  of  projected  area  is  given  as  49,908 
inch-pounds,  while  in  the  cases  illustrated  in  table  appended,  the  w^ork 
is  12  X  3,309-9  =  39,718-8  inch-pounds,  or  a  margin  of  area  over 
10  per  cent.  If,  however,  the  averages  of  the  best  ten  performances 
shown  in  the  table  are  taken,  ^ve  have  work  of  friction  per  square  inch 
projected  area  equal  to  12  X  5,086*6  =  61,039-2,  or  the  margin  is 
exceeded  by  over  10  per  cent. 

The  practice  recommended  in  designing  crank-pins  is  to  deduce  the 
length  as  shown  in  §  30  of  Prof.  Marks'  treatise  on  "  Steam  Engine," 
and  then  the  dian)eter  as  illustrated  in  §§  32,  33.  A  check  to  the 
result  thus  obtained  is  illustrated  in  the  following  formula,  in  which 
c  =  coefficient  of  friction  of  rubbing  surfaces ;  v  =  velocity  of  rub- 
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bing  surfaces  in  feet  per  minute  ;/>  =  effective  pre-.<ure  on  each  s(juare 
inch  of  piston  area ;  A  =  square  inches  of  area  of  piston  ;  I  =  length 
of  pin,  and  d=  diameter  of  pin,  each  in  inches;  then  the  heat  unit.<  are 

60p.Avc_  ^  250W  or  Id  =  0-00001 5545p.^i;,  when  c  =  0-05. 
^  ^         772 

To  ilhistrate  the  problem  of  the  crank-pin  dimensions,  take  the  case 
of  the  Galena,  whose  crank-pin  is  18J  inches  long  and  10|  inches  in 
diameter. 

By  formula  (81)  §  30  of  "  Steam  Engine,"  by  Prof.  :Marks,  length 
of  pin  =  0-0000247  X  0-05  X  130  X  64  X  64  =  8-088  inches. 

By  formula  (85)  §  34, 

A-       4.       f    -        0-00157  X  64  X  64  X  12-3       .^,  .    , 
diameter  oi  pni  = =104  inches. 

8-088 
By  formula  (1)  above, 

1       ,,     n    ■         0-000015545X39890x178-7        -,^^. 
length  of  pin  = ;^ ^  10-55 

^  ^  10-5 

If  in  formula  (1)  387   is  used  in  the  place  of  250  (see  table),  the 

length  of  pin  ^  60  X  39890  X  178j7  2iio5  _  ,  j^^^,^^  ^ 

^  772  X  387  X  10-5  ^         ^^ 

In  §  44  of  "  Friction  and  Lubrication,"  by  Prof.  Thurston,  the 
temperature  of  vaporization  of  lubricating  oils  is  given  as  600°F., 
and  on  page  78  is  the  following  table : 


Oil. 

Flash. 

Takes  flre. 

Burns. 

Winter  sperm. 

425°F. 

485°F. 

500°F. 

Lard, 

475° 

525° 

525° 

All  of  which  shows  that  the  temperatures  of  vaporization  of  oils, 
and  not  the  point  of  fusibility  of  the  metals,  are  to  be  considered  in 
designing  crank-pins.  Now  if  the  rates  of  transmission  of  heat 
through  various  metals,  as  determined  by  Chief  Engineer  Isherwood 
(see  page  57  of  Shock's  "  Steam  Boilers "),  are  taken  as  practically 
correct  for  crank-pins,  in  the  most  aggravated  (rase,  tiie  iiigh-pressurc  cyl- 
inder of  the  Hova;  the  temperature  of  the  pin,  if  properly  lubricated, 
should  not  be  increa.sed  over  2°  in  tcm])erature.  But  as  no  experiments 
have  ever  been  made  to  determine  the  temperature  of  the  crank-pin 
brasses,  we  are  forced  to  adopt  existing  metluxls  of  design. 

U.  8.  8.  Galena,  Montevideo,  Uraguaj',  December  6,  1882. 
Whole  No.  Vol.  CXV.— (Tiiikd  Series,  Xol.  Ix.xxv.)  13 
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ON   THE  APPLICATION   OF   THE   PRINCIPLE   OF 
.      VIRTUAL    VELOCITIES    TO    THE    DETER- 
MINATION   OF    THE    DEFLECTION 
AND  STRESSES  OF  FRAMES. 


By  George  F.  Swain,  S.B. 

Instructor  of  Civil  Engineering  in  the  Massachusetts  Institute  of  Technology, 

Boston,  Mass. 


(Continued  from  page  115.) 

IV.  The  Arch  Hinged  at  Crown  (Fig,  8). 
This  case,  though  of  no  practical  importance,  is  here  introduced 
simply  for  the  sake  of  completeness.  Two  conditions  must  be  sought 
from  the  theory  of  elasticity  in  order  to  find  the  reactions.  The  third 
is  that  the  moment  at  the  hinge  is  zero,  or  that  the  resultant  R,  of  the 
loads  and  reactions  on  either  side  of  the  hinge,  must  pass  through  the 


Fin,  8 


-n 


hinge.  Let  us  resolve  R,  the  resultant  on  the  right,  into  its  horizontal 
and  vertical  components,  V  and  H.  It  is  clear  that  if  we  find  the 
values  of  V  and  H  we  have  solved  the  problem,  because  then  R  is 
known,  and  we  can  compound  it  with  the  loads  on  either  side  of  the 
hinge,  and  so  find  either  reaction.  Let  V  and  H  be  called  positive 
when  they  act  in  the  directions  given  in  the  figure,  that  is,  when  the 
vertical  component  of  the  resultant  of  the  forces  on  the  right  of  the 
hinge  acts  upward,  and  the  horizontal  component  of  this  resultant  acts 
toward]  the  left.  For  greater  clearness,  let  us  denote  by  subscript  r 
and  I  when  the  forces  R,  V,  and  H,  refer  to  the  right-hand  or  left- 
hand  halves  of  the  arch.  Now,  if  we  replace  the  right-hand  half  by 
R^,  the  forces  applied  to  the  left-hand  half  (including  R^)  will  cause  a 
certain  horizontal  and  vertical  deflection  of  the  point  C,  each  of  which 
we  cau  easily  calculate,  in  terms  of  V  and  H,  which  are  unknown. 
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Similarly,  for  the  right-hand  half  of  the  arch  we  can  calculate  the 
deflection  of  C  in  each  direction.  The  two  conditions  necessary  to 
solve  the  problem  are  clearly  these :  that  the  horizontal  deflectioh  of 
C  for  each  half  shall  be  equal  in  amount,  and  that  the  same  shall  be 
true  for  the  vertical  deflection  of  C.  We  have,  then,  to  find  values 
for  these  deflections,  and  to  place  them  equal  to  each  other.  We  pro- 
ceed as  follows :  call  t\  the  stress  produced  in  any  bar  of  the  left-hand 
bar  by  a  force  equal  to  unity,  acting  downward  at  C ;  h^  that  produced 
by  a  unit  force  acting  in  the  same  point  horizontally  toward  the  right. 
Let  the  stress  produced  in  the  same  bar  by  the  applied  loads — con- 
sidered as  the  only  forces  acting  on  the  left-hand  half,  the  right-hand 
half  being  removed — be  s, ;  that  produced  by  H,  x^;  and  that  pro- 
duced by  F,  y,.     Then  we  have 

x,  =  —  Hh,:  F,  =  —  Vv,. 

The  real  stress  in  the  bar  is  s,  +  a^j  -f  3/,  =  S. 
The  vertical   downward  deflection   of   C,   the  left-hand   half  only 
being  considered,  is 

J^  =  2\  V,  '-l-lJ  4-  1\  V,  ^LlJ  +  2",  V,  ^LjJ 

'   '    FE  '    '  FE  '    '  FE 


V    ^1  *i   •I'  HZ  ^1  'h  l V  Z  ^_  (\^ 


FE  FE  '  FE 


the  summations  being  extended  over  the  left-hand  half. 

Similarly,  the  horizontal  deflection  of  C  to  the  right,  considering 
only  the  left-hand  half,  is 

4  =   V,  /i,  .  iii  +  J,  h,  .  ^i  +  1\  h,  .  l\l 

'  '    '     FE  FE  '    '      FE 

__    x-  /<!  Si  I 2/2"  —^ V  ^'     1  ^'  Clo") 

^'    FE  '  FE  ^'   FE  '  ^  ' ' 

By  considering  the  right-hand  half  alone,  we  get  the  following  two 
equations :  for  the  vertical  downward  deflection, 

'-    ^'^E^^-'-FE^^^'FE'  ^^^^ 

and  for  the  iiorizontal  deflection  towards  the  right, 

J\  =  1\  ^hlil  +  H  I.^^U:  -f  FJ.^^  (17) 

FE  FE  FE  ^     ' 
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The  two  conditions  given  by  the  theory  of  elasticity  are,  therefore^ 
J^.  =  J\,  and  J^  =  J\,  or 

"'    FE  '    FE  ^'FE 

i\s^  +  H  1'  "--iM  +  F  2'  !i!  ^   ■  (18) 

FE  FE  '  FE  ^    ' 


y 


"'  ~FE  ''  FE  "'  ~FE 

'    FE  '  FE  '  FE  ^    ^ 

These  equations  become  simple  when  numerical  values  are  inserted, 

and  from  them  V  and  H  can  be  found,  being  the  only  unknown 

quantities.     The  remainder  of  the  discussion  regarding  this  form  of 

arch  does  not  belong  here. 

We  may  note  briefly,  however,  a  transformation   similar  to  that 

given  for  the  previous  case.     Equation  (18)  may  be  written 

(20). 

and  equation  (19)  1\  "'  —  =  1\  '-!l^'  .  (21) 

F  E  FE 

Considering  always  a  moment  J/ as  positive  when  the  resultant  force 
on  the  left  of  a  given  section  has  a  right-handed  moment  with  refer- 
ence to  tiie  origin  of  moments,  we  may  write 

h        '  h   '    '  h    '    '  h  h 

h  being  always  put  in  with  its  proper  sign,  so  that  when  Ma.nd  h  are 
both  positive,  the  stress  is  a  tension. 

In  these  equations  C  is  taken  as  the  origin   of  co-ordinates,  with  x 
positive  to  the  left  and  y  positive  downwards,  the  co-ordinates  x^,  y^y 
Xj,  2/r,  being  those  of  the  origin  of  moments  for  the  bar  in  question. 
Substituting  these  values  in  (20)  and  (21),  we  have, 
V    31 X,  I  X.   M  .T,  I 


y 

—  1 

i\Sl  _ 
FE 

X.  KSI 

~'  FE' 

%■ 

h,  S  I 

V  KSI 

—  1 

FE 

'  FE 

(22) 


EF  P  '  EF  h' 

My,  ^  ^_  y  My,  I  (23) 

EFl?  "'EFh^' 
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Neglecting  the  web  members,  these  equations  reduce  approximately 
to  the  following,  as  a  little  consideration  will  show : 

ii,Mxl 


=   o. 
I 

s^Myl  _  ^ 

/ 

equations  analogous  to  those  given  for  solid  ribs,  viz  : 

*M.vds  rMyds 


(24) 
(25) 


/Mxds _    rJlyds 
-^^  —  o;  J  -—  0. 


The  signs  of  the  various  quantities  considered  must  be  carefully 
borne  in  mind  in  forming  their  sums.  For  the  purposes  of  this 
article  this  need  not  be  enlarged  upon. 

V.  The  Arch  Without  Hinges. 


♦  2  O,- 


We  approach  now  the  last  case  of  frames  supported  at  two  points, 
and  the  most  difficult  case  of  all.  Three  conditions  have  to  be  sup- 
plied by  the  theory  of  elasticity.  Those  given  for  solid  arches  are, 
that  the  vertical  and  horizontal  deflections  of  one  end,  with  reference 
to  the  other,  are  zero,  and  that  the  ends  remain  fixed  in  direction, — 
conditions  reducing  to  three  independent  equation;:;.  In  the  case  of 
frames,  various  methods  of  treatment  are  possible.  The  following  is 
due  to  Winkler. 

Su])posing  three  bars  to  start  from  each  abutment,  we  can  replace 
the  unknown  reactions  by  the  stresses  in  these  bars,  so  that  we  have  six 
unknown  quantities.  Suppose,  also,  that  the  bars  at  the  abutments  are 
as  in  the  figure.  We  take  the  point  A  as  immovable,  B  as  sliding 
(for  the  present)  on  a  horizontal  surface,  so  that  we  consider  the  frame 
as  supported  at  two  points,  by  vertical  reactions.  We  can  calculate  now, 
under  this  supposition,  the  stress  S^,  in  any  bar  /A", due  to  the  given  ver- 
tical loads,  and  also  the  stresses  s,  .s,,  and  .s.^,  in  IJ\,  dnc  to  a  load  unity 
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acting  outward  respectively  iu  B  (along  AB),  in  C  (along  EC),  and  in 
D  (along  ND).  Call  the  real  forces  acting  in  these  points,  H  (acting- 
inward,  along  BA),  jBj  (acting  inward,  along  CE),  and  jRg  (acting 
inward,  along  DN).  Then  the  real  stress  in  IK  is  S^ — sH — Si  Rj^  — 
Sj  i?2.     The  horizontal  deflection  of  B,  outward,  is 

s  8^  I  ^s^  I  s^i^  ,ss^l 

^b  =  -  ^^     ^'^Ief     ^^~^F    ^^'^EF'  ^^^^ 

The  outward  deflection  of  C  is  also  clearly, 
and  that  of  D  is 


Sj S^ I  Sj si  ^s^H  _,  s^ §2 ^ 

^0=  -^^  —  ^-^—^1-^—^2-  ~j^'  (27)' 


828^1  S2SI  -,^28^1  ,  §2  ^^ 

^d  =  -^iF~^^^F~^^^^F~-^^'^'EF'  ^^^^' 

Each  of  these  quantities,  however,  must  be  zero,  if  the  points  A,  B, 

C,  D,  are  immovably  fixed,  so  that  we  have  at  once  the  three  equations 

of  condition. 

4  =  0;   J,  =  o;  4  =  0. 

From  these  three  equations  we  can  find  H,  B,^,  and  R^.  The  three 
statical  conditions  of  equilibrium  enable  us  then  to  find  the  vertical 
reaction  in  B,  and  the  reaction  in  A. 

We  may  write  the  three  conditions  of  equilibrium  as  follows : 

s.8.1  Sy8.l  S2.8.I 


-^fp=o;        I  ^^  =  0;         I 


EF  ~    '       ^   EE~    '  EF~   ' 

or  H s.  Al=  0;         £ Sj^.  Jl  =  0 ;         Zs2.M^=^o. 

S  being  the  real  stress  in  any  bar,  and  Jl  its  elongation.     As  before,, 

M 
wehave8= —    If  we  draw  i?i  vertical,  and  call  L  its  intersection 

h 

with  the  bar  DN,  we  can  also  put  s  =  ~^,  where  z  =  distance  of  0 

h 

above  AB,  the  point  0   being   the   origin    of  moments  for   any  bar. 

Further,  a  unit  force  outward,  in  C  causes  a  downward  reaction  in  B, 

which  we  call  d;  if  z^  denotes  the  distance  of  0  to  the  right  of  BL,  we 

have  the  moment  about  0  of  the  forces  to  the  right  of  the  section  equal 

to  X  ij,  and  negative ;  hence  Sj  =  -:— — ^     An  outward  force  equal  to 

h 

unity  in  D  causes  a  vertical  reaction  in  B,  and   an  outward  reaction 

in    A    along    LA,    which    we  call    d^.      If,  therefore,   0   be  above 

J-Yy,  and    0G  =  Z2,  we  have  82  =  — — -^.     These  stresses,  it  will  be 

h 
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remembered,  are  those  in  the  bar  JK,  due  to  unit  load  in  B,  C\  and 
D.     d  and  d}  are  constants. 

Substituting  these  values,  we  have 

.,zMl  V  2;,Ji'^  V  Z.MI 


=  o;  2-^4;^  =o;      2' 


i'^A^  i^A^  i^/t^ 

If  we  take  two  rectangular  axes,  X  and  Y,  in  the  plane  of  the 
frame,  we  can  express  z,  z^  and  z^,  as  follows,  in  terms  of  x  and  y,  the 
co-ordinates  of  the  point  0. 

z  =  a^bx  +  cy;  z^  =  a^  ^  b^x  -^  c^y  ;  z^  =  a^  + b^x  +  c  ^. 

Substitute  these  values,  and  we  have 

y  M I    ,    ,     V  xMl     ,         y  vMl  ,or»\ 

a  2 +  o  _   4-   c  2  ^ =  0.  (29) 

Fir  Fh^  Fh^  ^     ^ 

a    v^l/^     ,    i,     yxJIl  vyMl_  . 

""' "  Fh^  ^^'"f¥  ^"'-  TJ.^-"-  ^^^^ 

a,  V  ^^^   +  b,  V  ^-^  +  c,  2  ^^^  =  o.  (31) 

'      Fh^  Fir  ^        Fh'  ^     ^ 

These  equations  give  the  following, 

y¥J  =  0-1'  ^  =  0-    ^'  yJ£l  =  0  •  (32^ 

"  Fh^  '  Fh^  '    ~     Fh^  '  ^     ^ 

and  these  et^uations  bear  some  analogy  to  those  sometimes  given  for 
solid  arches,  namely, 

/MdH  _      ^       r  3f.rds  ^       r  Mydn  
~1            ""'     J     ~1             '''     J    1  ""' 

provided  we  neglect  the  influence  of  the  web  members. 

The  further  discussion  of  the  best  methods  of  applying  these  equa- 
tions would  occupy  too  much  space,  and  we  must  refer  to  Winkler's 
original  article.* 

We  have  now  seen  how  the  method  which  we  have  explained  is 
applied  to  arches.  It  remains,  before  taking  leave  of  cases  where  the 
outer  forces  are  statically  undetermined,  to  discuss  the  one  remaining 
case  of  importance,  viz.,  the  continuous  girder. 


*  Winkler.    Beitrag /.ur  The(»rie  tlt-r  Bogen tracer  Zeitschr.  d.  Archit.  & 
Ing.  Vcreinw  zu  Hannover.     1879.     Page  199. 
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VI.  The  Continuous  Girder  (Fig.  10). 
Consider  a  continuous  girder  of  n  spans,  their  lengths  being  l^,  /,,  4, 

1^.     Let  the  reactions  be  R^,  B^,  R^, i?„-i-i ;  and  let  the  total 

length,  ly-hl,^h  +  L  =  L 


3>  ^^u+\y 

Supposing  the  reactions  to  be 

Fig .  10 


fiq,1f 


i, 


all  vertical  but  one,  and  applied  at  given  points,  and  the  loads  vertical 
or  inclined,  we  have  w  +  2  unknown  quantities,  one  at  each  point  of 
support  where  the  reaction  is  vertical,  and  two  at  the  remaining  point 
of  support.  Statics  affords  only  three  equations,  so  that  there  are 
w  —  1  equations  to  be  obtained  from  the  theory  of  elasticity.  These 
are  given  by  the  conditions  of  the  supports,  and  taking  the  line  join- 
ing the  end  supports  as  an  axis,  we  have  to  express  that  at  each  inter- 
mediate support  the  deflection  is  zero  or  a  given  quantity.  We  then 
obtain  n  —  1  equations,  and  can  solve  the  problem.  The  resulting 
equations  are  the  following :  Let  h^,  A3,  etc.,  be  the  deflections  of  the 
intermediate  supports  below  the  line  joining  the  end  supports.  Let  8 
be  the  actual  stress  in  any  bar,  I  its  length,  E  its  modulus  of  elasticity, 
and  F  its  cross  section ;  let  t^  ^^  the  stress  caused  in  it  by  a  load  unity 
acting  downward  at  the  second  point  of  support,  ^3  that  caused  by  an 
equal  load  at  the  third,  t^  that  at  the  fourth — all  calculated  as  though 
the  girder  were  simple,  and  had  a  length,  L.  Let  the  stress  caused  in 
the  bar  by  the  given  load  acting  on  the  girder,  calculated  as  a  beam  of 
length,  i,  be  s.     Then  the  real  stress  8,  in  any  bar,  is 

8  =  8  —  t^R^-t^  B,  -t,  R,  -  t,  B,  (33) 

and  the  conditions  which  we  have  are 


A,  =  2; 


SI 
SI 


L         SI 


L        SI 
y     f     


(34) 
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These  equations  may  also  be  written  as  follows : 


1\.    t 


si 


2  £j^  ^^2    -o 


I^    t'    I  L  i    I 

EF  3  -0   h  ^p 


L       t.l 
7?    '^'    /    -— 


h,  =  1\.   t 


—  i?„  ^', 


tj 


h  EF 


R    ""'     t     - 


^^3  -0      ^3       EP 


3    EF 

L  t.l  ^  tJ 

-"4    ^0      ^3     pp  ^^n    -0     '3    pp 


hf 


L        sl  L       U  L 

h  —  ^'   /  —  R  y  f  -—  R   y  t 

f^i    —    -0      ^4   pp  -"2    -0     '^4   pp  ^3    ^0    ^4    pp 

LI  ^  tJ 

^4    ^0      ^4       ^^  -"n    -0     ''4    ^J?' 


i^  sl 

"n 0    ^n      pp 

-   i^4   ^f  ^, 


L 

Ro  1\  L 


tJ 


L  tJ 

R   y    t     — 

^3   -0      fn      pp 


L  tJ  I 


(35) 


a   pp 

-*-    p      ^■       -  — 

EF                  "  ""    EF 
These  equations  are  n  —  1  in  number,  and  the  only  unknown  quan- 
tities are  the  w  —  1  reactions,  /^2  ^nj     These  once  obtained,  the 

problem  is  solved.  We  shall  refer  again  tc^  another  solution  of  the 
continuous  girder,  by  which  equations  arc  obtained  which  may  be 
easily  reduced  to  those  obtained  by  the  theorem  of  three  moments. 

VII.  Trusses  with  Superfluous  Bars. 

We  consider  here  the  case  of  plane  systems  which  are  statically 
undetermined  regarding  the  inner  forces,  and  in  which  the  number  of 
equations  is  less  than  the  number  of  unknown  quantities,  or  in  which 
2m.  —  3  <  n.  To  solve  such  a  system,  the  following  is  our  method  of 
procedure : 

Suppose  at  any  two  joints  A  and  B  of  the  frame,  forces  equal  to 
unity  to  fict,  along  AB,  and  towards  each  other.  These  forces  will,  in 
general,  cause  reactions  at  the  ])oint  of  support,  and  stresses  in  the  bars. 
Let  the  stress  caused  in  any  bar  CD  be  called  u,  and  let  Jl  l)e  ti»e 
change  in  length  of  the  bar  CD  and  Jp  that  of  the  line  AB.  Then, 
according  to  the  principle  of  virtual  velocities,  supposing  all  the  bars 
to  be  unela.stic  except  CD. 

1 .   Jj>  =  »  Jl  (36) 


202  Application  of  Virtual  Velocities.       [Jour.  Frank.  Inst,, 

Jp  and  Jl  being  the  absolute  changes  of  length,  without  reference 
to  sign.     If,  noAv,  all  the  bars  are  elastic 

Jp  =  i'  u  M  (37) 

In  a  system  such  as  we  are  considering,  if  we  omit  n  —  2m  -j-  3 
bars,  we  can  make  the  system  statically  determined,  by  properly  choos- 
ing the  bars  to  be  omitted,  which  may  be  called  superfluous,  while  those 
remaining  may  be  called  necessary.  Now,  in  place  of  one  of  the  super- 
fluous bars  AB,  let  us  apply  at  the  joints  where  it  is  connected,  acting 
towards  each  other  (and  hence  representing  tension  in  the  bar)  forces 
equal  to  unity.     Let  us  use  the  following  notation : 

/j,  /.2,  /-a,  etc.  =  length  of  the  superfluous  bars, 
/j,  I2,    I3,  etc.  =  length  of  the  necessary  bars. 

It/,  U2,  U3',  etc.  =  stresses  caused  in  the  bars  of  the  now  statically 
determined  system  by  the  unit  forces  along  AB,  as  above  described. 

J/j,  JI2,  JI3,  etc.  =  changes  of  length  of  the  necessary  bars,  under 
these  conditions. 

Then  we  have,  for  the  shortening  of  AB, 

J/i  =  I'u'  Jl  (38) 

Further,  let 

Yi,Y2,Y3,  etc.  =  stresses  produced  in  the  now  statically  determined 
system  (in  the  necessary  bai"s)  by  the  given  outer  forces  acting  on  the 
frame.     These  may  be  found  by  the  principles  of  statics  alone. 

/Sj,  S2,  S^,  etc.  =  real  stresses  in  the  necessary  bars  as  parts  of  the 
statically  undetermined  system,  /.e.,when  the  superfluous  bars  are  present. 

S',  S",  -S"",  etc.  =  the  real  stresses  in  the  superfluous  bars. 

Mj",  Uj",  M3",  etc.  =  stresses  produced  in  the  bars  of  the  statically 
determined  system  (the  superfluous  bars  being  removed)  by  the  force 
unity  at  each  end  of  some  other  of  the  superfluous  bars.  A'  B',  acting 
towards  each  other  (tension). 

m/",  U2",  M3'",  etc.  =  similar  stresses  produced  by  unit  forces  along 
another  superfluous  bar  A"  B",  etc. 

Then  we  have  clearly, 

S,  =  Yi  -^  u/  S'  +  w/'  S"  +  u/"  S'"  +  —  ) 

.%  =  Yj  +  U2'  S'  +  U2"  S"  +  U2'"  S'"  +  —  f  (39) 

S3  =  Y3  +  u,'  S'  +  U3"  S"  +  %'"  S'"  +  —  J 

etc.,  etc. 
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In  these  equations  Yj,  Yj,  Y3,  u/,  Mj',  u^',  etc.,  may  be  determined 
by  the  elementary  principles  of  statics,  while  Sy,  82,  63,  S',  S",  S"\ 
etc.,  are  yet  unknown. 

Let  us  now  denote  as  follows : 

fv  /zj/sj  ^tc.  =  sections  of  the  necessar\'  bars. 

/',/",/'",  etc.  =  sections  of  the  superfluous  bars. 

E^,  E2,  -E3,  etc.  =  moduli  of  elasticit\'.  of  the  necessar}'  bars. 

E',  E",  E'",  etc.=  moduli  of  elasticity  of  the  superfluous  bars. 

J^.  JI2,  JI3,  etc.  =:  real  changes  of  length  of  the  necessary  bars. 

J/lj,  J/j,  ^/j,  etc.  =  real  changes  of  length  of  the  superfluous  bars. 

Then  we  have 


JL  =  A^  =  K,  8„  irJi-  =  K,  ^ 


M2  =  A^  =  K2    S2,  if-^  =  K2 
^2/2  -^2/2 


I  (40) 


Similarly, 


J/3  =  A'3  S., ;   Jl^  =  K^   S„  etc. 

J/j  =  A''  S';  J/2  =  K"  S"  ;  J/3  =  K'"  S'" ,  etc. 

If  we  always  cjill  tension  positive  aud  compression  negative,  the 
change  of  length  will  be  positive  when  the  length  is  increased,  and 
negative  when  it  is  diminished.  If  we  find  the  value  of  */'  Jl^  in 
equation  (38),  it  will  be  always  positive,  for  u'  and  J/^  will  be  both 
positive  or  both  negative.  In  that  equation,  however,  J/,  was  the 
change  of  leugth  produced  in  one  of  the  necessary  bars  by  a  unit 
tension  in  one  of  the  superfluous  bars,  AB.  Expressed  in  words,  that 
equation  states  that  if  we  multiply  the  change  of  length,  Jl,  of  each 
necessary  l)ar,  by  the  stress  produced  in  it  by  unit  forces  along  AB, 
acting  towards  each  other,  tlie  sum  of  the  values  so  found  will  be  the 
shortenivg  of  AB;  and  this  will  be  the  case  if  we  only  insert  for  M 
the  real  change  of  length,  from  wliatever  cause.  If  the  points  A  and 
B,  however,  are  connected  by  tiie  superfluous  bar  AB,  tlie  shortening 
of  AB  is  —  K'  S',  tension  being  positive.  Sul)stitute  now  in  e<pia- 
tion  (38)  the  values  of  J/,  and  J/,  and  we  have  the  first  of  the 
following  equations. 
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—  K'  S'=  V  K,  ^1+  <   K^    S^  +  <   A'g  S3+ 

_  /r'  >S"  =  u,"  K,  S,-\-  <'  ^2  S,  +  iV  /^3  ^3+ }■     (41) 

Finally,  substituting  for  8^,  82,  8^,  etc.,  their  values  from  (39)  we  have 
K'S'  =  —u,'K,  (Yj+<  8'  -{-u,"8"+u,"'  S"'  + V 

—  n^K^   {x^  +  V-^'  +w'"   5"'  +  w/"    ;^'"    -F  \ 

JT"  ;§"=—<' A"i     (Yi  +  V^'+  <'^"+  <"^'"+ ) 

—  u^'kJ^^  +  <    'Sf'  +  <'  >S"   +   <"     ;S'"  + \ 

These  may  be  transformed  to  the  following : 

S'  {K'  +  V  w/  K,  +  iV  <  A'a  + )  +    8"  (w/  V  K, 


K42) 


+  <  <'  7^2+ )  +    ^'''  «  w/''  /f,  +  <  <"  A,+ 

)  +  V  z;  Yi  +  <  K2  Y2  + =  0 


(43) 


«'(W'i:i  +  <  V'iTj  + )  -f  /S"  (iT^+vv 

^2+  <'  <'  Z2+ )  +  ^'"(v  v'^-i  +  v  <"A2  + 

)  +  V  ^1  Y,  +  <'  /iT^  Y2  + =  0. 

These  equations  are  equal  in  number  to  the  superfluous  bars.  From 
them,  therefore,  the  unknown  stresses  >S'',  8",  S'"  etc.  may  be 
determined,  after  which  the  stresses  8^,  8^,  8^,  etc.,  may  be  found  from 
equations  (39). 

This  method,  which  appears  complex  when  treated  in  its  general 
form,  becomes  simple  when  applied  to  any  particular  case,  if  the  cal- 
culation is  made  methodically,  and  the  results  arranged  in  tabular 
form.  It  is  scarcely  necessary  to  exemplify  its  application.  Statically 
undetermined  systems  should  be  avoided  by  the  constructor  when 
practicable,  except  in  some  cases  where  they  afford  practical  advan- 
tages sufficient  to  more  than  balance  the  uncertainty  in  the  calculation 
by  ordinary  methods. 

(To  be  continued.) 
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DESCRIPTION  OF  AX  ELECTRIC  SIGNAL  CLOCK. 


By  Aaron  D.  and  Geo.  W.  Blodgett. 

[A  paper  read  at  the  stated  meeting  of  the  Frauklin  Institute,  December  20,  1882.] 


The  requiremeDts  of  business  at  the  terminus  of"  a  railway  of  any 
considerable  magnitude  necessitates  the  arrival  and  departure  of  a  large 
number  of  trains. 

The  development  of  the  country  through  which  it  passes,  and  the 
increased  traffic  which  is  the  conse(][uence  thereof,  call  for  constant  ad- 
dition to  its  facilities  for  the  safe  and  convenient  transportation  of 
passengers. 

The  problem  of  dispatching  fifty,  sixty,  or  a  himdred  trains  per  day 
with  promptness  and  regularity  has  become  so  important  that  only  the 
most  reliable  men  are  considered  competent  for  this  work.  But  with 
the  utmost  care,  mistakes  are  made  and  delays  occur  which  are  detri- 
mental to  the  business  of  the  road,  and  endanger  the  lives  of  its 
patrons. 

The  usual  method  of  giving  signals  for  the  departure  of  railway 
trains  is  to  put  the  signal  bells  in  charge  of  the  ticket  agent,  who,  be- 
sides answering  questions,  selling  tickets,  and  making  change,  gives 
signals  for  the  trains  to  depart,  as  well  as  the  usual  preliminary  signals. 

It  is  not  at  all  surprising  that,  as  is  always  found  to  be  the  case, 
much  irregularity  exists  in  the  time  of  the  signals ;  that  at  the  critical 
moment  something  else  often  engages  the  operator's  attention,  and  the 
signal  is  delayed  and  sometimes  forgotten ;  or  in  the  effort  to  start 
trains  promptly,  it  is  given  too  early  and  the  train  departs  before  it 
should. 

Careful  observation  shows  that  erroi-s  of  this  kind  will  happen  with 
the  most  painstaking  men,  and  even  in  cases  where  the  operator's  only 
business  is  to  dispatch  trains,  the  inaccuracy  is  greater  than  is  com- 
monly supposed. 

Experience  teaches  tliat  whenever  machinery  can  be  substituted  for 
human  labor,  greater  accuracy  can  be  attained. 

So  far  as  we  know,  a  machine  has  never  yet  l)een  invented  which 
would  answer  questions,  sell  tickets,  or  make  change;  but  we  are  able 
to  show  a  machine  which  will  give  correctly  the  warning  and  departure 
signals  for  any  number  of  trains  in  their  |)roper  order. 


206  Blodgeft — Elect? ic  Signal  Clock.       [Jour.  Frank.  Inst. 

The  assential  features  of  this  machine  are : — 

A  cylinder  which  is  provided  with  a  separate  hole  for  each  minute 
in  the  twenty-four  hours. 

A  shoe,  or  follower,  is  so  contrived  as  to  pass  over  every  hole  in  the 
■cylinder  once  a  day.  This  is  connected  with  suitable  circuit-closing 
mechanism  in  such  a  way  that  a  slight  movement  of  the  shoe  away 
from  the  cylinder,  will  set  in  operation  the  signaling  apparatus. 

Small  pins  are  screwed  into  the  holes  which  correspond  in  location 
to  the  times  when  signals  should  be  given. 

The  operation  of  the  machine,  which  will  be  readily  understood,  is 
as  follows : 

A  standard  clock  (which  is  to  be  found  at  every  railway  terminus), 
is  caused  to  close  an  electric  circuit  in  a  well-known  way  once  each 
minute. 

The  current  passes  through  an  electro-magnet  connected  by  a  pawl 
to  a  ratchet-wheel  of  sixty  teeth,  w^hich  it  advances  one  tooth  at  each 
closure  of  the  circuit. 

This  ratchet  rotates  the  cylinder  one  step  each  minute,  which,  there- 
fore, makes  one  revolution  in  an  hour. 

Most  railroads  require  two  signals  for  the  departure  of  every  train, 
a  warning,  or  preliminary,  signal  which  precedes  the  other  by  a  certain 
interval — two,  three,  or  five  minutes — and  a  starting  signal  sounded  at 
the  exact  time  when  the  train  should  depart. 

Whenever  the  follower  comes  in  contact  with  the  pin  corresponding 
to  a  warning  signal,  the  circuit-closing  mechanism  is  released,  and  one 
•or  more  blows  are  struck  upon  the  bells,  according  to  the  signal  re- 
quired. After  the  lapse  of  the  proper  interval,  the  follower  comes  in 
contact  with  the  second  pin,  and  the  signal  is  given  for  the  train  to 
start. 

"When  the  time  of  the  next  train  approaches  the  operations  are  re- 
peated, and  so  on  through  the  time-table. 

At  twelve  o'clock,  midnight,  the  follower  having  completed  its 
traverse  of  the  holes  in  the  cylinder,  is  automatically  transferred  to  the 
first  hole  of  the  series  and  begins  a  new  day. 

The  cylinder  is  provided  with  an  additional  series  of  fourteen  hun- 
dred and  forty  holes,  and  with  pins  corresponding  to  a  Sunday  time- 
table. 

A  follower  also  traverses  the  holes  in  this  part  of  the  cylinder,  but 
cannot  set  in  motion  the  striking  mechanism  during  a  weekday. 
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At  midnight  on  Saturday  the  follower  which  conld  set  in  operation 
on  a  weekday  the  mechanism  which  strikes  the  bells,  is  disconnected 
and  the  Sunday  time-table  rendered  operative,  striking  the  signals  for 
trains  on  that  day.  At  midnight,  Sunday,  things  are  restored  to  the 
first-described  condition  for  six  days  more. 

The  instrument  is,  therefore,  automatic  in  its  operation,  requiring 
only  such  changes  as  are  necessary  in  the  arrangement  of  pins,  to  cor- 
respond with  changes  in  the  time-table. 

The  circuit  closing  mechanism  is  driven  by  a  spring  which  requires 
winding  once  a  week. 

A  press-button  and  switch  connected  with  the  bells,  and  under  con- 
trol of  the  train-dispatcher,  enables  him  to  delay  a  regular  signal,  or 
to  strike  additional  ones,  should  it  be  desired.  Such  interruption  does 
not,  however,  in  any  way  disarrange  the  apparatus,  which,  as  soon  as 
the  switch  is  closed,  resumes  its  normal  operation. 

One  of  these  machines  has  been  in  use  for  nearly  a  year  at  the  depot 
of  the  Boston  and  Albany  Railroad,  in  Boston — the  largest  in  the  city 
— dispatching  satisfactorily  nearly  sixty  trains  a  day.  Xext  in  order 
comes  the  Boston  and  Providence  Railroad,  where  over  fifty  trains  a 
day  are  sent  out  in  the  same  manner. 

The  New  York  and  Xew  England,  and  the  Fitchburg  Railroads 
follow  with  a  less  number  of  trains,  which  are  also  dispatched  in  this 
way. 

The  United  States  Government  ha.s  recently  ordered  this  machine 
for  the  Boston  Post  Office,  where  it  signals  the  departure  of  the  mails. 

From  the  foregoing  it  will  be  seen  that  this  instrument  can  be  used 
for  many  other  purposes  besides  those  mentioned,  such  as  the  distribu- 
tion of  standard  time  signals  for  manufacturing  companies,  for  street 
railroads,  and  for  use  in  school-buildings;  in  short,  wiicrever  it  is  de- 
sired to  sound  signals  for  any  purpose,  at  regular  or  irregular  intervals. 

Any  conceival)le  arrangement  of  signals  is  also  permissible,  the  ma- 
chines in  operation  at  the  Boston  depots  following  each  a  different  code. 

Only  one  change  is  necessary  to  fulfil  all  these  conditions,  and  that 
is  simple,  and  ea.sily  made. 

The  operation  of  setting  up  or  changing  the  time-table  is  so  simple 
that  it  can  be  done  by  any  person  of  average  intelligence,  with  accu- 
racy and  in  a  few  moments. 
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SCIENCE  IN  RELATION  TO  THE  ARTS. 


By  C.  William  Siemens,  F.  R.  S. 


(Continued  from  page  134) 

The  progressive  views  perceptible  in  the  construction  of  the  navy 
are  further  evidenced  in  a  remarkable  degree  in  the  hydrographic 
department.  Captain  Sir  Frederick  Evans,  the  hydrographer,  and 
Vice-President  of  the  British  Association,  gave  us  at  York  last  year  a 
very  interesting  account  of  the  progress  made  in  that  department, 
which,  while  dealing  chiefly  with  the  preparation  of  charts  showing 
the  depth  of  water,  the  direction  and  force  of  currents,  and  the  rise  of 
tides  near  our  shores,  contains  also  valuable  statistical  information 
regarding  the  more  general  questions  of  the  physical  conditions  of  the 
sea,  its  temperature  at  various  depths,  its  flora  and  fauna,  as  also  the 
rainfall  and  the  nature  and  force  of  prevailing  winds.  In  connection 
with  this  subject  the  American  Naval  Department  has  taken  an  impor- 
tant part,  under  the  guidance  of  Captain  Maury  and  the  Agassiz,  father 
and  son,  whilst  in  this  country  the  persistent  labors  of  Dr.  William 
Carpenter  deserve  the  highest  consideration. 

Our  knowledge  of  tidal  action  has  received  a  most  powerful  impulse 
through  the  invention  of  a  self-recording  gauge  and  tide-predicter, 
which  will  form  the  subject  of  one  of  the  discourses  to  be  delivered  at 
our  present  meeting  by  its  principal  originator.  Sir  William  Thom- 
son ;  when  I  hope  he  will  furnish  us  with  an  explanation  of  some 
extraordinary  irregularities  in  tidal  records,  observed  some  years  ago 
by  Sir  John  Coode  at  Portland,  and  due  apparently  to  atmospheric 
influence. 

The  application  of  iron  and  steel  in  naval  construction  rendered  the 
use  of  the  compass  for  some  time  illusory,  but  in  1839  Sir  George 
Airy  showed  how  the  errors  of  the  compass,  due  to  the  influence 
experienced  from  the  iron  of  the  ship,  may  be  perfectly  corrected  by 
magnets  and  soft  iron  placed  in  the  peighborhood  of  the  binnacle,  but 
the  great  size  of  the  needles  in  the  ordinary  compasses  rendered  the 
correction  of  the  quadrantal  errors  practically  unattainable.  In  1876 
Sir  William  Thomson  invented  a  compass  with  much  smaller  needles 
than  tho.se  previously  used,  which  allows  Sir  George  Airy's  principles 
to  be  ap})lied  corn|)letely.  With  this  compass,  correctors  can  be 
arranged  .so  that  the  needle  shall  point  accurately  in  all  directions,  and 
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these  correctors  can  be  adjusted  at  sea  from  time  to  time,  so  as  to  elim- 
inate any  error  which  may  arise  through  change  in  the  ship's  magnet- 
ism or  in  the  magnetism  induced  by  the  earth  through  change  of  the 
ship's  po.sition.  By  giving  the  compass  card  a  long  period  of  free 
oscillation  great  steadiness  is  obtained  when  the  ship  is  rolling. 

Sir  AVilliam  Thomson  has  also  enriched  the  art  of  navigation  by  the 
invention  of  two  sounding  machines;  the  one  being  devised  for  a.scer- 
taining  great  depths  veiy  accurately  in  less  than  one-quarter  the  time 
formerly  necessary,  and  the  other  for  taking  depths  up  to  130  fathoms 
without  stopping  the  ship  in  its  onward  course.  In  both  these  instru- 
ments steel  pianoforte  wire  is  used  instead  of  the  hempen  and  silken 
lines  formerly  employed ;  in  the  latter  machine  the  record  of  depth  is 
obtained  not  by  the  quantity  of  wire  run  over  its  counter  and  brake 
wheel,  but  through  the  indications  produced  upon  a  simple  pressure 
gauge  consisting  of  an  inverted  gla.ss  tube,  whose  internal  surface  is 
covered  beforehand  with  a  preparation  of  chromate  of  silver,  rendcK-d 
colorless  by  the  sea-water  up  to  the  height  to  which  it  penetrates.  The 
value  of  this  instrument  for  guiding  the  navigator  within  what  he  calls 
"soundings"  can  hardly  be  exaggerated  ;  with  the  sounding-machine 
and  a  good  chart  he  can  generally  make  out  his  position  correctly  by  a 
succession  of  three  or  four  casts  in  a  given  direction  at  given  intervals, 
and  thus  in  foggy  weather  is  made  independent  of  astronomical  obser- 
vations and  of  the  sight  of  lighthouses  or  the  shore.  By  the  proper  use 
of  this  apparatus,  such  accidents  as  happened  to  the  mail  steamer  Mosel 
not  a  fortnight  ago  would  not  be  possible.  As  regards  the  value  of  the 
deep-sea  instrument  I  can  speak  from  i)ersonal  exj)erience,  as  on  one 
occasion  it  enabled  those  in  charge  of  the  Cable  ss.  Faraday  to  find 
the  end  of  an  Atlantic  Cable,  which  had  parted  in  a  gale  of  wind,  ^yiih 
no  other  indicati<m  of  the  locality  than  a  single  sounding,  giving  a 
depth  of  950  fathoms.  To  recover  the  cable  a  number  of  soundings  in 
the  suppose<l  neighborhood  of  the  broken  end  were  taken,  the  950 
fathom  contour  line  wjts  then  traced  upon  a  chart,  and  the  vessel  there- 
upon trailed  its  grapnel  two  miles  to  the  eastward  of  this  line,  when  it 
soon  engaged  the  cable  20  miles  away  from  the  point,  where  dead 
reckoning  had  placed  the  ruptured  end. 

Whether  or  not  it  will  ever  be  priu-ticable  to  determine  oceanic 
depths  without  a  sounding  line,  by  means  of  an  instrument  base<l  upon 
gravi-mctric  differences,  remains  to  be  seen.  Hitherto  the  indiaitions 
obtained  by  such  an  instrument  have  been  encouraging,  but  its  delicacy 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  14 
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has  been  such  as  to  unfit  it  for  ordinary  use  on  board  a  ship  when 
rolling'. 

The  time  allowed  nie  for  addressing  you  on  this  occasion  is  wholly 
insufficient  to  do  justice  to  the  great  engineering  works  of  the  present 
day,  and  I  must  therefore  limit  myself  to  making  a  short  allusion  to  a 
fe^Y  only  of  the  more  remarkable  enterprises. 

The  great  success,  both  technically  and  commercially,  of  the  Suez 
Canal,  has  stimulated  M,  de  Lesseps  to  undertake  a  similar  work  of 
even  more  gigantic  proportions,  namely,  the  piercing  of  the  Isthmus  of 
Panama  by  a  ship  canal,  40  miles  long,  50  yards  wide  on  the  surface, 
and  20  yards  at  the  bottom,  upon  a  dead  level  from  sea  to  sea.  The 
estimated  cost  of  this  work  is  20,000,000/.,  and  more  than  this  sum 
having  been  subscribed,  it  appears  unlikely  that  political  or  climatic 
difficulties  will  stop  M.  de  Lesseps  in  its  speedy  accomplishment. 
Through  it,  China,  Japan,  and  the  whole  of  the  Pacific  Ocean  will  be 
brought  to  half  their  present  distance,  as  measured  by  the  length  of 
voyage,  and  an  impulse  to  navigation  and  to  progress  will  thus  be  given 
which  it  will  be  difficult  to  over-estimate. 

Side  by  side  with  this  gigantic  work.  Captain  Eads,  the  successful 
improver  of  the  Mississippi  navigation,  intends  to  erect  his  ship  rail- 
way, to  take  the  largest  vessels,  fully  laden  and  equipped,  from  sea  to 
sea,  over  a  gigantic  railway  across  the  Isthmus  of  Tehuantepec,  a  dis- 
tance of  95  miles.  Mr.  Barnaby,  the  chief  constructor  of  the  navy, 
and  Mr.  John  Fowler  have  expressed  a  favorable  opinion  regarding 
this  enterprise,  and  it  is  to  be  hoped  that  both  the  canal  and  the  ship 
railway  will  be  accomplished,  as  it  may  be  safely  anticipated  that  the 
traffic  will  be  amply  sufficient  to  support  both  these  undertakings. 

Whether  or  not  M.  de  Lesseps  will  be  successful  also  in  carrying 
into  effect  the  third  great  enterprise  with  which  his  name  has  been 
prominently  connected,  the  flooding  of  the  Tunis-Algerian  Chotts, 
thereby  re-establishing  the  lake  Tritonis  of  the  ancients,  with  its 
verdure-clad  shores,  is  a  question  which  could  only  be  decided  upon 
the  evidence  of  accurate  surveys,  but  the  beneficial  influence  of  a  large 
sheet  of  Avater  within  the  African  desert  could  hardly  be  matter  of 
doubt. 

It  is  with  a  feeling  not  unmixed  with  regret  that  I  have  to  record 
the  com])letion  of  a  new  Eddystone  Lighthouse  in  substitution  for  the 
cfief-fT<£uvre  of  engineering  erected  by  John  Smeaton  more  than  100 
years  ago.     The  condemnation  of  that  structure  was  not,  however,  the 
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consequence  of  any  fault  of  construction,  but  was  caused  by  inroads  of 
the  sea  upon  tlie  rock  supporting  it.  The  new  lighthouse,  designed 
and  executed  by  Mr.,  now  Sir,  James  Douglass,  engineer  of  Trinity 
House,  has  been  erected  in  the  incredibly  short  time  of  less  than  two 
vears,  and  bids  fair  to  be  worthy  of  its  famed  predecessor.  Its  height 
above  high  water  is  130  feet,  as  compared  with  72  feet,  the  height  of 
Telford's  structure,  which  gives  its  powerful  light  a  considerably 
increased  range.  The  system  originally  suggested  by  Sir  William 
Thomson  some  years  ago,  of  distinguishing  one  light  from  another  by 
flashes  following  at  varied  intervals,  has  been  adopted  by  the  Elder- 
Brethren  in  this  as  in  other  recent  lights,  in  the  modified  form  intro- 
duced by  Dr.  John  Hopkinson,  in  which  the  principle  is  applied  to 
revolving  lights,  so  as  to  obtain  a  greater  amount  of  light  in  the 
flash. 

The  geological  difficulties  which  for  some  time  threatened  the 
accomplishment  of  the  St,  Gothard  Tunnel  have  been  happily  over- 
come, and  this  second  and  most  important  sub-Alpine  thoroughfare 
now  connects  the  Italian  railway  system  with  that  of  Switzerland  and 
the  south  of  Germany,  whereby  Genoa  will  be  constituted  the  shipping 
port  for  those  parts. 

Whether  we  shall  be  able  to  connect  the  English  with  the  French 
raihyay  system  by  means  of  a  tunnel  below  the  English  channel  is  a 
question  that  a])pears  dependent  at  this  moment  rather  upon  military 
and  political  than  technical  and  financial  considerations.  The  occur- 
ence of  a  stratum  of  impervious  grey  chalk,  at  a  convenient  depth 
below  the  bed  of  the  channel,  minimizes  the  engineering  difficulties  in 
the  way,  and  must  influence  the  financial  question  involved.  The  pro- 
test lately  raised  against  its  accomplishment  can  hardly  be  looke<l  u])Ou 
as  a  j)ublic  verdict,  but  seems  to  be  the  result  of  a  natural  desire  to 
pause  pending  the  institution  of  careful  inquiries.  These  inquiries 
have  been  made  by  a  Royal  Scientific  Commission,  and  will  be  referred 
for  further  consideration  to  a  mixed  Parliamentary  Cjmmittee,  upon 
whose  report  it  must  depend  whether  the  natural  spirit  of  commercial 
enterprise  has  to  yield  in  this  instance  to  political  and  n)ilitary  consid- 
erations. Whether  the  channel  tunnel  is  constructal  or  not  tJie  plan 
proposed  some  vears  ago  by  Mr.  John  Fowler  of  connecting  England 
and  France  by  means  of  a  ferry  boat  capable  of  taking  railway  trains 
would  1)6  a  desideratum  Justified  by  the  ever-increasing  inter-communi- 
oation  Ix'tweeu  this  and  Continental  countries. 
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The  public  inconvenience  arising  through  the  obstruction  to  traffic 
by  a  sheet  of  water  is  well  illustrated  by  the  circumstance  that  both 
the  estuaries  of  the  Severn  and  of  the  Mersey  are  being  undermined  in 
order  to  connect  the  railway  systems  on  the  two  sides,  and  that  the 
Frith  of  Forth  is  about  to  be  spanned  by  a  bridge  exceeding  in  gran- 
deur anything  as  yet  attempted  by  the  engineer.  The  roadway  of  this 
bridge  will  stand  150  feet  above  high- water  mark,  and  its  two  princi- 
pal spans  will  measure  a  third  of  a  statute  mile  each.  Messrs.  Fowler 
and  Baker,  the  engineers  to  whom  this  great  work  has  been  entrusted, 
could  hardly  have  accomplished  their  task  without  having  recourse  to 
steel  for  their  material  of  construction,  nor  need  the  steel  used  be  of 
the  extra  mild  quality  particularly  applicable  for  naval  structures  to 
withstand  collision,  for,  when  such  extreme  toughness  is  not  required, 
steel  of  very  homogeneous  quality  can  be  produced,  bearing  a  tensile 
strain  double  that  of  iron. 

The  tensile  strength  of  steel,  as  is  well  known,  is  the  result  of  an 
admixture  of  carbon  with  the  iron,  varying  between  ^^th  and  2  per 
cent.,  and  the  nature  of  this  combination  of  carbon  with  iron  is  a  mat- 
ter of  great  interest  both  from  a  theoretical  and  practical  point  of  view. 
It  could  not  be  a  chemical  compound  which  would  necessitate  a  definite 
proportion,  nor  could  a  mere  dissolution  of  the  one  in  the  other  exer- 
cise such  remarkable  influence  upon  the  strength  and  hardness  of  the 
resulting  metal.  A  recent  investigation  by  Mr.  Abel  has  thrown  con- 
siderable light  upon  this  question.  A  definite  carbide  of  iron  is 
formed,  it  appears  soluble  at  high  temperatures  in  iron,  but  separating 
upon  cooling  the  steel  gradually,  and  influencing  only  to  a  moderate 
degree  the  physical  properties  of  a  metal  as  a  whole.  In  cooling 
rapidly  cliere  is  no  time  for  the  carbide  to  separate  from  the  iron,  and 
the  metal  is  thus  rendered  both  hard  and  brittle.  Cooling  the  metal 
gradually  under  the  influence  of  great  compressive  force,  appears  to 
have  a  similar  effect  to  rapid  cooling  in  preventing  the  separation  of 
the  carbide  from  the  metal,  with  this  difference,  that  the  effect  is  more 
equal  throughout  the  mass,  and  that  more  uniform  temper  is  likely  to 
result. 

When  the  British  Association  met  at  Southampton  on  a  former 
occasion,  Sclionbein  announced  to  the  world  his  discovery  of  gun- 
cotton.  This  discovery  has  led  the  way  to  many  valuable  researches 
on  explosives  generally,  in  which  Mr.  Abel  has  taken  a  leading  part. 
Recont  investigations  by  him,  in  connection  with  Captain  Noble,  upon 
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the  explosive  action  of  gun-cotton  and  gunpowder  confined  in  a  strong 
chamber,  which  have  not  yet  been  published,  deserve  particular  atten- 
tion. Thoy  show  that  while  by  the  method  of  investigation  pursued 
about  twenty  years  -ago  by  Karolye  (of  exploding  gunpowder  in  veiy 
small  charges  in  shells  confined  within  a  large  shell  partially  exhausted 
of  air),  the  composition  of  tlie  gaseous  products  was  found  to  be  com- 
plicated and  liable  to  variation,  the  chemical  metamorphosis  which 
gun-cotton  sustains,  when  exploded  under  conditions  such  as  obtained  in 
its  practical  application,  is  simple  and  very  uniform.  Among  other 
interesting  points  noticed  in  this  direction  was  the  fact  that,  as  in  the 
case  of  gunpowder,  the  proportion  of  carbonic  acid  increases,  while 
that  of  carbonic  oxide  diminishes  with  the  density  of  the  charge.  The 
explosion  of  gun-cotton,  whether  in  the  form  of  wool  or  loosely  spun 
thread,  or  in  the  packed  compressed  form  devised  by  Abel,  furnished 
practically  the  same  results  if  fired  under  pressure,  that  is,  under  strong 
confinement — the  conditions  being  favorable  to  the  full  development  of 
its  explosive  force  ;  but  some  marked  differences  in  the  composition  of 
the  products  of  metamorphosis  were  observed  when  gun-cotton  was 
fired  by  detonation.  With  regard  to  the  tension  exerted  by  the  pro- 
ducts of  explosion,  some  interesting  points  were  observed,  which  intro- 
duce very  considerable  difficulties  into  the  investigation  of  the  action 
of  fired  gun-cotton.  Thus,  whereas  no  marked  differences  are  observed 
in  the  tension  developed  by  small  charges  and  by  very  much  larger 
■charges  of  gunpowder  having  the  same  density  (t.  e.  occupying  the 
same  volume  relatively  to  the  entire  space  in  which  they  are  exploded)^ 
the  reverse  is  the  case  with  respect  to  gun-cotton.  Under  similar  con- 
<3itions  in  regard  to  density  of  charge,  100  grammes  of  gun-cotton  gave 
a  measured  tension  of  about  20  tons  on  the  s(;[uare  inch,  1,500  grammes 
gave  a  tension  of  about  29  tons  (in  several  very  concordant  observa- 
tions), while  a  charge  of  2"o  kilos  gave  a  pressure  of  about  45  tons, 
this  being  the  maximum  measured  tension  obtained  with  a  charge  of 
gunpowder  of  five  times  the  density  of  the  above. 

The  extreme  violence  of  the  explosion  of  gun-cotton  as  compared 
^vith  gunpowder  when  fired  in  a  dosed  space  was  a  feature  attended 
with  formidable  difficulties  In  whatever  way  the  charge  was 
arranged  in  the  firing  cylinder,  if  it  had  free  access  to  the  enclosed 
•crusher  gauge,  the  pressures  recorded  by  the  latter  were  always  much 
greater  than  when  means  were  taken  to  prevent  the  wave  of  matter 
suddenly   set  in  motion   from  acting  directly  uj)()n  the  gauge.     The 
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abnormal,  or  wave-pressures  recorded  at  the  same  time  that  the  general 
tension  in  the  cylinder  was  measured,  amounted  in  the  experiment  to- 
42*3  tons,  when  the  general  tension  was  recorded  at  20  tons ;  and  in 
another  when  the  pressure  was  measured  at  29  tons,  the  wave-pressure 
recorded  was  44  tons.  Measurements  of  the  temperature  of  explosion 
of  gun-cotton  showed  it  to  be  about  double  that  of  the  explosion  of 
gun-powder.  One  of  the  effects  observed  to  be  produced  by  this  sud- 
den enormous  development  of  heat  was  the  covering  of  the  inner  sur- 
faces of  the  .^-teel  explosion-vessel  with  a  net-Mork  of  cracks,  small  por- 
tions of  the  surface  being  sometimes  actually  fractured.  The  explosion 
of  charges  of  gun-cotton  up  to  2"o  kilos  in  perfectly  closed  chambers^ 
with  development  of  pressures  approaching  to  50  tons  on  the  square 
inch,  constitutes  alone  a  perfectly  novel  feat  in  investigations  of  this 
class. 

Messrs.  Xoble  and  Abel  are  also  continuing  their  researches  upon 
fired  gunpowder,  being  at  present  occupied  with  an  inquiry  into  the 
influence  erected  upon  the  chemical  metamorphosis  and  ballistic  effects 
of  fired  gunpowder  by  variation  in  its  composition,  their  attention  being 
directed  especially  to  the  discovery  of  the  cause  of  the  more  or  less 
considerale  erosion  of  the  interior  surface  of  guns  produced  by  the 
exploding  charge — an  effect  which,  notwithstanding  the  application  of 
devices  in  the  building  up  of  the  charge  specially  directed  to  the  pre- 
servation of  the  gun's  bore,  has  become  so  serious  that,  with  the 
enormous  charges  now  used  in  our  heavy  guns,  the  erosive  action  on 
the  surface  of  the  bore  produced  by  a  single  round  is  distinctly  percep- 
tible. As  there  appeared  to  be  pnmd  fade  reasons  why  the  erosive 
action  of  powder  upon  the  surface  of  the  bore  at  the  high  temperatures 
developed  should  be  at  any  rate  in  part  due  to  its  one  component  sul- 
phur, Noble  and  Abel  have  made  comparative  experiments  with 
powders  of  usual  composition  and  with  others  in  which  the  proportion 
of  sulphur  was  considerably  increased,  the  extent  of  ero.sive  action  of 
the  products  e.'^caping  from  the  explosion  ve-ssel  under  high  tension 
being  carefully  determined.  With  small  charges  a  particular  powder 
containing  no  sulphur  was  found  to  exert  very  little  erosive  action  as 
compared  with  ordinary  cannon  powder;  but  another  powder,  contain- 
ing the  maximum  proportion  of  sulphur  tried  (15  per  cent.),  was  found 
equal  to  it  under  these  conditions,  and  exerted  very  decidedly  less 
erosive  action  than  it,  when  larger  charges  were  reached.  Other 
important  contributions  to  our  knowledge  of  the  action  of  fired  gun- 
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powder  in  guns,  as  well  as  decided  improvements  in  the  gunpowder 
manufactured  for  the  very  heavy  ordnance  of  the  present  day,  may  be 
expected  to  result  from  a  continuance  of  these  investigations.  Profes- 
sor Carl  Himly,  of  Kiel,  having  been  engaged  upon  investigations  of 
a  similar  nature,  has  lately  proposed  a  gunpowder  in  which  hydrocar- 
bons precipitated  from  solution  in  naphtha  take  the  place  of  the  char- 
coal and  sulphur  of  ordinary  powder,  this  powder  has  amongst  othei*s 
the  peculiar  property  of  completely  resisting  the  action  of  watei',  so 
that  the  old  caution,  "  Keep  your  powder  dry,"  may  hereafter  be 
unnecessary. 

The  extraordinary  diiference  of  condition,  before  and  after  its  igni- 
tion, of  such  matter  as  constitutes  an  explosive  agent  leads  us  up  to  a 
consideration  of  the  aggregate  state  of  matter  under  other  circumstan- 
ces. As  early  as  1776  Alexander  Volta  ob-served  that  the  volume  of 
glass  was  changed  under  the  influence  of  electrification,  by  what  he 
termed  electrical  pressure.  Dr.  Kerr,  Govi,  and  others  have  followed 
up  the  same  inquiry,  which  is  at  present  contimied  chiefly  by  Dr. 
George  (Quincke,  of  Heidelberg,  who  finds  that  temperature,  as  well  as 
chemical  constitution  of  the  dielectric  under  examiuati(m,  exercises  a 
determining  influence  upon  the  amount  and  character  of  the  change  of 
volume  effected  by  electrification  ;  that  the  change  of  volume  may 
under  certain  circumstances'* be  effected  instantaneously  as  in  flint  glass, 
or  only  slowly  as  in  crown  glass,  and  that  the  elastic  limit  of  both  is 
diminished  by  electrification,  whereas  in  the  case  of  mica  and  gutta- 
percha an  increase  of  elasticity  takes  place. 

Still  greater  strides  are  being  made  at  the  present  time  towards  a 
clearer  perception  of  the  condition  of  matter  when  i)articles  are  left 
some  liberty  to  obey  individually  the  forces  brought  to  bear  u])()n 
them.  By  the  discharge  of  high  tension  electricity  through  tubes  con- 
taining highly  rarefied  gases  (Geissler's  tubes),  phenomena  of  discharge 
were  produced  which  were  at  once  most  striking  and  suggestive.  The 
Sprengel  j)ump  aflbrded  a  means  r)f  pushing  the  exhaustion  to  limits 
which  had  formerly  been  scarcely  reached  by  the  imagination.  At 
each  step  the  condition  of  attenuated  matter  revealed  varying  proper- 
ties when  acted  upon  by  electrical  discharge  and  magnetic  force.  The 
radiometer  of  Crookes  imported  a  new  feature  into  these  incjuiries, 
which  at  the  present  time  occui)y  the  attention  of  leading  phycicists  in 
all  countries. 

The    means  usually    employed    to    produce    electrical  discharge  in 
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vacuum  tubes  was  Ruhmkorif 's  coil ;  but  Mr.  Gassiot  first  succeeded 
in  obtaining  the  phenomena  by  means  of  a  galvanic  battery  of  3,000 
Leclanehe  cells.  Dr.  De  La  Rue,  in  conjunction  with  his  friend  Dr. 
Hugo  Miiller,  has  gone  far  beyond  his  predecessors  in  the  production 
of  batteries  of  high  potential.  At  his  lecture  "  On  the  Phenomena  of 
Electric  Discharge,"  delivered  at  the  Royal  Institution  in  January  1881, 
he  employed  a  battery  of  his  invention  consisting  of  14,400  cells 
(14,832  Volts),  which  gave  a  current  of  0'054  Ampere,  and  produced 
a  discharge  at  a  distance  of  0*71  inch  between  the  terminals.  During 
last  year  he  increased  the  number  of  cells  to  15,000  (15,450  Volts), 
and  increased  the  current  to  0'4  Ampere,  or  eight  times  that  of  the 
battery  he  used  at  the  Royal   Institution. 

With  the  enormous  potential  and  perfectly  steady  current  at  his  dis- 
posal, M.  De  La  Rue  has  been  able  to  contribute  many  interesting 
facts  to  the  science  of  electricity.  He  has  shown,  for  example,  that 
the  beautiful  phenomena  of  the  stratified  discharge  in  exhausted  tubes 
are  but  a  modification  and  a  magnification  of  those  of  the  electric  arc 
at  ordinary  atmospheric  pressure.  Photography  was  used  in  his 
experiments  to  record  the  appearance  of  the  discharge,  so  as  to  give  a 
degree  of  precision  otherwise  unattainable  in  the  comparison  of  the 
phenomena.  He  has  shown  that  between  two  ])oints  the  length  of  the 
spark,  provided  the  insulation  of  the  battery  is  efficacious,  is  as  the 
square  of  the  number  of  cells  employed.  Mr.  De  La  Rue's  experiments 
have  proved  that  all  pressures  the  discharge  in  gases  is  not  a  current  in 
the  ordinary  acceptation  of  the  term,  but  is  of  the  nature  of  a  disrup- 
tive discharge.  Even  in  an  apparently  perfectly  steady  discharge  in  a 
vacuum  tube,  when  the  strata  as  seen  in  a  rapidly  revolving  mirror 
are  immovable,  he  has  shown  that  the  discharge  is  a  pulsating  one ; 
but,  of  course,  the  period  must  be  of  a  very  high  order. 

At  the  Royal  Institution,  on  the  occasion  of  his  lecture,  Mr.  De  La 
Rue  produced,  in  a  very  large  vacuum  tube,  an  imitation  of  the 
Aurora  Borealis ;  and  he  has  deduced  from  his  experiments  that  the 
greatest  brilliancy  of  Aurora  displays  must  be  at  an  altitude  of  from 
thirty-seven  to  thirty-eight  miles — a  conclusion  of  the  highest  interest, 
and  in  opposition  to  the  extravagant  estimate  of  281  miles  at  which  it 
had  been  previously  put. 

The  President  of  the  Royal  Society  has  made  the  phenomena  of 
electrical  discharge  his  study  for  several  years,  and  resorted  in  his 
important  experiments  to  a  special  source  of  electric  power.    In  a  note 
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addressed  to  me,  Dr.  Spottiswoode  describes  the  nature  of  his  investi- 
gations much  more  clearly  than  I  could  venture  to  give  them.  He 
says  :  "  It  had  long  been  my  opinion  that  the  dissymmetry  shown  in 
electrical  discharges  through  rarefied  gases  must  be  an  essential  ele- 
ment of  every  disruptive  discharge,  and  that  the  phenomena  of  stratifi- 
cation might  be  regarded  as  magnified  images  of  features  always  pres- 
ent, but  concealed  under  ordinary  circumstances.  It  was  with  a  view 
to  the  study  of  this  question  that  the  researches  by  Moulton  and  myself 
were  undertaken.  The  method  chiefiy  used  consisted  in  introducing 
into  the  circuit,  intermittence  of  a  particular  kind,  whereby  one  lumin- 
ous discharge  was  rendered  sensitive  to  the  approach  of  a  conductor 
outside  the  tube.  The  application  of  this  method  enabled  us  to  pro- 
duce artificially  a  variety  of  phenomena,  including  that  of  stratifica- 
tion. We  were  thus  led  to  a  series  of  conclusions  relating  to  the 
median  ism  of  the  discharge*  among  which  the  following  may  be  men- 
tioned : 

1.  That  a  stria,  with  its  attendant  dark  space,  forms  a  physical  unit 
of  a  striated  discharge  ;  that  a  striated  column  is  an  aggregate  of  such 
units  formed  by  means  of  a  step-by -step  process  ;  and  that  the  negative 
glow  is  merely  a  localized  stria,  modified  by  local  circumstances. 

2.  That  the  origin  of  the  luminous  column  is  to  be  sought  for  at  its 
negative  end ;  that  the  luminosity  is  an  expression  of  a  demand  for 
negative  electricity;  and  that  the  dark  spaces  are  those  regions  where 
the  negative  terminal,  whether  nietallic  or  gaseous,  is  capable  of  exert- 
ing sufficient  influence  to  prevent  such  demand. 

3.  That  the  time  occupied  by  electricity  of  either  name  in  traversing 
a  tube  is  greater  than  that  occupied  in  traversing  an  equal  length  of 
wire,  but  less  than  that  occupied  by  molecular  streams  (Crookes'  radia- 
tions) in  traversing  the  tubes.  Also  that,  espc<'ially  in  high  vacua,  the 
discharge  from  the  negative  terminal  exhibits  a  durational  character 
not  found  at  the  positive. 

4.  Tiiat  the  brilliancy  of  the  light  with  so  little  heat  may  be  due  in 
part  to  brevity  in  the  duration  of  the  discharge  ;  and  that  for  action  so 
rapid  as  that  of  individual  discharges,  the  mobility  of  the  medium  may 
count  as  nothing;  and  that  for  these  infinitesimal  periods  of  time  gas 
may  itself  be  as  rigid  and  as  brittle  as  glass. 

5.  That  striaj  are  not  merely  loci  in  which  electrical  is  converted 
into  luminous  energy,  but  are  actual  aggregations  of  matter. 

This  last  conclusion  was  base<l  inainly  upon  experiments  made  with 
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an  induction  coil  excited  in  a  new  way,  viz.  :  directly  by  an  alternating 
machine,  Avithoiit  the  intervention  of  a  commutator  or  condenser.  This 
mode  of  excitement  promises  to  be  one  of  great  importance  in  spectro- 
scopic work,  as  well  as  in  the  study  of  the  discharge  in  a  magnetic 
field,  partly  on  account  of  the  simplification  which  it  permits  in  the 
construction  of  induction  coils,  but  mainly  on  account  of  the  very  great 
increase  of  strength  in  the  secondary  currents  to  which  it  gives  rise." 

These  investigations  assume  additional  importance  when  we  view 
them  in  connection  with  solar — I  may  even  say  stellar — physics,  for 
evidence  is  augmenting  in  favor  of  the  view  that  interstellar  space  is 
not  empty,  but  is  filled  with  highly  attenuated  matter  of  a  nature  such 
as  may  be  put  into  our  vacuum  tubes.  Nor  can  the  matter  occupying 
stellar  space  be  said  any  longer  to  be  beyond  our  reach  for  chemical 
and  physical  test.  The  spectroscope  has  already  thrown  a  flood  of 
light  upon  the  chemical  constitution  and  physical  condition  of  the  sun, 
the  stars,  the  comets,  and  the  far  distant  nebulae,  which  have  yielded 
spectroscopic  photographs  under  the  skilful  management  of  Dr.  Hug- 
gins,  and  Dr.  Draper  of  New  York.  Armed  with  greatly  improved 
apparatus  the  physical  astronomer  has  been  able  to  reap  a  rich  hai  vest 
of  scientific  information  during  the  short  periods  of  the  last  two  solar 
eclipses;  that  of  1879,  visible  in  America,  and  that  of  May  last, 
observed  in  Egypt  by  Lockyer,  Schuster,  and  by  Continental  observ- 
ers of  high  standing.  The  result  of  this  last  eclipse  expedition  has 
been  summed  up  as  follows :  "  Different  temperature  levels  have  been 
discovered  in  the  solar  atmosphere;  the  constitution  of  the  corona  has 
now  the  possibility  of  being  determined,  and  it  is  proved  to  shine  with 
its  own  light.  A  suspicion  has  been  aroused  once  more  as  to  the 
existence  of  a  lunar  atmosphere,  and  the  position  of  an  important  line 
has  been  discovered.  Hydro-carbons  do  not  exist  close  to  the  sun,  but 
may  in  space  between  us  and  it." 

To  me,  personally,  these  reported  results  possess  peculiar  interest,  for 
in  March  last  I  ventured  to  bring  before  the  Royal  Society  a  specula- 
tion regarding  the  conservation  of  solar  energy,  which  was  based  upon 
three  following  postulates,  viz. : 

1.  That  aqueous  vapor  and  carbon  compounds  are  present  in  stellar 
or  interplanetary  space, 

2.  That  these  gaseous  compounds  are  capable  of  being  dissociated 
by  radiant  solar  energy  while  in  a  state  of  extreme  attenuation. 

3.  That  the  effect  of  solar  rotation  is  to  draw  in  dissociated  vapors 
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upon  the  polar  surfaces,  and  to  eject  them  after  combustion  has  taken 
place  back  into  space  equatorially. 

It  is,  therefore,  a  matter  of  peculiar  gratification  to  me  that  the 
results  of  observation  here  recorded  give  considerable  support  to  that 
speculation.  The  luminous  equatorial  extensions  of  the  sun  which  the 
American  observations  revealed  in  such  a  striking  manner  (with  which 
I  was  not  acquainted  when  writing  my  paper)  were  absent  in  Egypt ; 
but  the  outflowing  equatorial  stream.?,  I  suppose  to  exist,  could  only  be 
rendered  visible  by  reflected  .sunlight,  when  mixed  with  dust  produced 
by  exceptional  solar  disturbances  or  by  electric  discharge  ;  and  the 
occasional  appearance  of  such  luminous  extensions  would  serve  only  to 
disprove  the  hypothesis  entertained  by  some,  that  they  are  divided 
planetaiy  matter,  in  which  case  their  appearance  .should  be  permanent. 
Professor  Langley,  of  Pittsburgh,  has  shown  by  means  of  his  Bolo- 
meter, that  the  solar  actinic  rays  are  absorbed  chiefly  in  the  solar 
instead  of  in  the  terrestrial  atmosphere,  and  Captain  Abney  has  found 
by  his  new  photometric  method  that  absorption  due  to  hydro-carbons^ 
takes  place  somewhere  between  the  solar  and  terrestrial  atmosphere  ;  in 
order  to  test  this  interesting  result  still  further,  he  has  lately  taken  his 
apparatus  to  the  top  of  the  Riflel  with  a  view  of  diminishing  the 
amount  of  terrestrial  atmospheric  air  between  it  and  the  sun,  and 
intends  to  bring  a  paper  on  this  subject  before  Section  A.  Stellar  space 
filled  with  such  matter  as  hydro-carbon  and  aqueous  vapor  would 
establi.sh  a  material  continuity  between  the  sun  and  his  planets,  and 
between  the  innumerable  solar  .systems  of  which  the  universe  is  com- 
posed. If  chemical  action  and  reaction  can  further  be  admitted,  we 
may  be  able  to  trace  certain  conditions  of  thermal  dependence  and 
maintenance,  in  Avhich  we  may  recognize  principles  of  high  perfection, 
apj)lical)le  also  to  comparatively  humble  purpo.ses  of  human  life. 

We  shall  thus  find  that  in  the  grejit  workshop  of  nature  there  are  no 
lines  of  demarkation  to  be  drawn  between  the  most  exalted  speculation 
and  commou]>lace  practice,  and  that  all  knowledge  must  lead  up  to  one 
great  result,  that  of  an  intelligent  recognition  of  the  Creator  through 
His  works.  So  then,  we  members  of  the  British  Association  and  fel- 
low-workers in  every  branch  of  .science,  may  exhort  one  another  in 
the  words  of  the  American  bard  who  has  so  lately  departed  from 
amongst  us : 

Let  us  then  be  up  and  doing, 

Witli  a  heart  for  any  fate; 
Still  achieving,  still  pursuing. 

Learn  to  lalior  and  to  wait. 
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RUFUS  HILL'S  SPARK  ARRESTER. 


[From  the  report  of  the  Secretary,  November  15,  1882.] 

The  spark  arrester,  designed  by  Rufus  Hill,  M.  M.,  Camden  and 
Atlantic  Railroad,  is  intended  not  only  to  prevent  the  escape  of  cinders 
and  unconsumed  fuel  from  the  stack,  but  also,  by  regulating  and  equal- 
izing the  draught  through  the  tubes,  to  effect  a  reduction  in  the  amount 
of  solid  matter  drawn  from  the  fire-box  by  the  action  of  the  exhaust. 

It  is  a  recognized  fact  that  in  locomotive  and  other  tubular  boilers, 
the  draught  is  materially  stronger  through  the  upper  than  through  the 
lower  tubes,  this  being  due  to  the  natural  tendency  of  the  escaping 
products  of  combustion  to  ascend,  promoted  by  the  higher  temperature 
which  prevails  in  the  upper  portion  of  the  boiler.  The  upper  tubes 
hence  do  more,  and  the  lower  less  than  their  normal  duty,  and  the 
portions  of  fuel  which  are  lifted  from  the  grate  bars  by  the  exhaust  are 
drawn,  relatively,  rapidly  through  the  upper  tubes  and  slowly  through 
the  lower  ones,  tending,  in  the  former  case,  to  be  thrown  forcibly  out 
-of  the  stack,  and  in  the  latter,  to  clog  the  tubes.  To  counteract  the 
effect  of  such  unequal  action,  a  deflecting  plate  is  located  by  Mr.  Hill 
in  front  of  the  flue  head,  and  acts  by  checking  the  undue  draught 
through  the  upper  tubes,  to  proportionately  induce  an  increased  draught 
through  the  lower  ones,  also  deflecting  the  escaping  sparks  and  cinders 
from  their  natural  upward  course  towards  the  bottom  of  the  smoke 
box  where  the  action  of  the  exhaust  is  insufficient  to  overcome  their 
gravity  and  carry  them  with  the  gases  out  of  the  stack.  The  lighter 
particles  are  arrested  by  a  netting,  the  construction  of  which  is  such 
as  to  afford  ample  separating  surface  without  undue  increase  of  the 
volume  of  the  smoke-box. 

The  illustrations,  which  are,  respectively,  longitudinal  and  transverse 
sections  at  the  centre  of  the  stack,  show  the  improvements  as  applied 
to  engines  Nos.  17  and  18  of  the  Camden  and  Atlantic  Railroad. 
These  engines,  which  were  built  by  the  Baldwin  Locomotive  Works, 
are  of  the  standard  "American"  pattern,  with  16x24"  cylinders, 
b'  6"  drivers,  and  fire-bo:J4es  9  ft.  1|"  X  42"  inside  dimensions. 
{Grate  surface  31-j^  sq.  ft.)  They  are  adapted  to  burn  either  anthra- 
cite or  bituminous  coal,  but  have  been  used  principally  with  the  latter, 
and  in  service,  on  fast  express  and  heavy  excursion  trains,  their  per- 
formance has  been  satisfactory  in  all  particulars. 
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The  deflecting  plate  D,  is  secured  to  the  front  flue-sheet,  just  above 
the  upper  row  of  tubes,  and  after  projecting  horizontally  for  such  dis- 
tance as  to  afford  a  space  between  the  flue  sheet  and  its  adjacent  side 
sufficient  for  the  free  discharge  of  the  products  of  combustion  from  the 
top  row  of  tubes,  is  thence  inclined  downwardly  and  outwardly  from 
the  flue  sheet  to  its  lower  edge,  thus  affording  a  uniformly  increasing 


n- 


area  of  horizontal  section  in  the  discharge  space  formed  between  it  and 
the  flue  sheet,  in  correspondence  with  the  increasing  areas  of  tube  sec- 
tion presented  by  the  several  lower  rows  of  tubes  in  front  of  which  it 
is  located.  The  defle<'tor  is  connected  at  its  sides  to  the  boiler  shell 
and  smoke-box,  so  as  to  make  tight  joints  therewith,  and  to  admit  of 
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such  variation  in  the  opening  beneath  it  as  may  be  required  by  diifer- 
€nces  in  the  duty  or  steaming  qualities  of  engines,  or  in  the  character 
of  fuel  employed,  an  adjustable  section,  d,  is  attached  to  its  lower  side 
by  bolts  passing  through  slotted  holes  so  as  to  be  raised  or  lowered  as 
<]esired.     The  use  of  the  deflecting  plate  enables  the  usual  "petticoat" 


<       > 


or  lift  pipe   to    be   dispensed  with,  and  a   long  exhaust  pipe  E,  is 
employed,  giving  a  "straight  shot"  exhaust  into  an  open  16"  stack. 

The  netting  N,  which  is  of  I"  mesh  wire,  extends  horizontally 
across  the  smoke-box,  from  a  plate  at  its  front  to  the  rear  of  the 
exhaust  pipe,  and  thence  is  inclined  upwardly,  between  the  steam  pipes 
S,  and  the  lower  opening  of  the  stack,  being  secured  to  the  smoke-box 
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bv  angle  iron  extending  along  its  horizontal  and  inclined  jwrtion.s.  A 
hand-hole  and  bonnet  on  the  side  of  the  smoke-box,  shown  in  dotted 
lines,  affords  access  to  the  lower  side  of  the  netting,  and  there  is  also 
an  opening  in  the  front  plate  above  the  netting,  closed  bv  a  sliding 
cover.  Cinders  and  unbnrned  fuel  which  collect  in  the  smoke  box  are 
blown  out  by  a  jet  of  steam  through  the  ejector  e,  or  they  may  be 
dropped  into  a  "sub-treasury"  below  the  smoke-box.  With  fire-boxes 
of  proper  proportions,  as  in  the  engines  referred  to,  an  extension  of  the 
smoke-box  beyond  that  which  will  admit  of  the  attachment  of  an 
ejector  or  discharge  pipe,  is  not  found  to  be  either  necessary  or  advisa- 
ble, but  the  deflecting  plate  and  netting  are  equally  applicable  where 
an  extended  smoke  box  is  considered  to  be  a  proper  spark  receptacle. 

The  Hill  spark  arrester  is  now  in  use,  and  it  is  said,  with  satisfactory 
results,  on  a  large  number  of  engines,  about  213  having  been  fitted 
with  it  by  the  Baldwin  Locomotive  Works,  among  which  are  42  on 
the  Manhattan  (Elevated)  Railroad,  New  York,  the  entire  equipment 
of  the  Shenandoah  Valley  Railroad,  25  in  number,  together  with 
engines  of  the  Pennsylvania,  Richmond,  Fredericksburg  and  Potomac, 
Central  Pacific,  Western  ^Maryland,  and  other  railroads,  and  the  single- 
driver  engine  sent  to  England  by  the  Eames  Vacuum  Brake  Co. 


ON  A  NEW  SWEET  COMPOUND. 


By  CoxsTANTiNE  Fahlberg,  Ph.D. 

[Absiract  of  a  paper  read  at  the  Stated  Meeting  of  the  Franklin  Institute,  Jan.  17,  1883.] 


Gentlemen  : — Some  time  ago  ("American  ChemicalJournal,"  Vol. 
I,  page  430),  in  coimection  with  an  investigation  upon  the  hydro- 
carbons of  the  coal  tar  group,  it  was  discovered  tiiat  a  certain  com- 
pound obtained  by  the  oxydation  of  toluene-sulphamide  with  })Otas- 
sium  permanganate  tasted  sweet.  The  .sweetness  was  so  intense  that  a 
few  drops  of  the  cold  mother-liquor,  remaining  on  and  being  partly 
washed  off  my  hands,  could  be  easily  detected  by  the  taste. 

As  soon  as  I  had  discovered  this  property,  peculiar  only  to  this  par- 
ticular mother-liquor,  the  substance  obtained  from  it  was  subjected  to 
several  tests  in  order  to  determine  whether  it  was  poi-sonous  to  take  it 
in  larger  quantities  or  not.  At  first  a  cat  and  then  a  dog  were  subjected 
to  this  cruel  experiment,  but  they  remaining  fortunately  alive  and 
apparently  not  in  the  slightest  degree  atiected  by  it,  I  decided  to  take 
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several  grammes  of  it  myself.  The  result  was  not  the  slightest 
inconvenience  experienced  from  it.  I  subjected,  the  next  morning,  my 
urine  to  the  chemical  test,  and  found  it  to  contain  almost  the  entire 
quantity  taken  the  previous  night. 

The  compound  which  I  now  will  exhibit  to  you  forms  salts  with 
any  carbonate  of  the  alkalies,  alkaline  earths  or  metals  and  all  of  which 
you  will  find  taste  sweet.  It  is,  however,  not  an  acid,  but  belongs  to  a 
class  of  bodies  which  Professor  Remsen  and  myself  have  given  the 
name  of  "  Sulphinides,"  the  compound  in  question  being  benzoic  sulphi- 
nide.  It  is  very  readily  soluble  in  alcohol,  more  so  than  in  cold 
water,  in  which  it  only  dissolves  readily  when  it  is  hot. 

I  am  making  the  attempt  now  to  prepare  it  in  larger  quantities  and 
by  cheaper  methods,  and  have  no  doubt  that  it  will  find  extensive  use 
in  medicine  and  for  technical  purposes. 

One  experiment  made  lately  was  to  sweeten  glucose,  which  as  you 
all  know  tastes  only  faintly  sweet,  and  the  result  was  a  complete 
success. 

As  soon  as  I  shall  have  found  the  method  by  which  to  prepare  it  on 
a  manufacturing  scale  I  shall  come  before  you  again,  and  as  I  trust 
and  hope,  with  larger  samples  than  now,  ready  to  give  answer  to  all 
questions  in  regard  to  its  price,  application,  etc. 


Study  of  Atmospheric  Electricity. — Among  the  useful  appli- 
cations of  Mascart's  electrometer,  is  the  photographic  registry  of  the 
variations  in  atmospheric  electricity.  It  is  necessary  to  maintain  a 
perfect  insulation  of  the  different  portions  of  the  apparatus,  otherwise, 
instead  of  getting  a  curve  which  represents  the  variations  of  atmos- 
pheric potential,  the  curve  will  be  some  unknown  function  of  those 
variations  and  of  the  greater  or  less  conductibility  of  the  supports. 
Dampness,  dust,  spider-webs,  etc.,  are  the  principal  disturbances  of  in- 
sulation. The  automatic  record  is  made  by  sending  a  beam  of  light 
in  a  constant  direction  upon  the  mirror  of  the  electrometer,  which  re- 
flects it  to  a  sensitive  photographic  plate  moving  uniformly  in  a  direc- 
tion perpendicular  to  the  plane  in  which  the  reflected  ray  is  displaced 
by  the  oscillations  of  the  mirror.  Since  continuous  observations  are 
the  only  ones  which  take  into  acx;ount  the  varied  and  frequent  modifi- 
cations of  atmospheric  electricity,  this  method  is  very  valuable  and 
will  doubtless  lead  to  interesting  results. — V Electricien,  October  15, 
1882.  C. 
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A  SPARKLESS  CURRENT-BREAKER. 


By  Louis  H.  Spellier. 


The  fact  that  the  spark  of  tlie  induced  current  of  electro-magnetic 
instruments  will  destroy  the  contact  surfaces  by  which  the  making  and 
breaking  of  the  circuit  is  effected,  is  very  keenly  felt  on  current- 
breakers  for  electro-magnetic  time  telegraphs. 

A  device  for  the  purpose  of  obviating  the  spark,  invented  by  Dr. 
Hipp,  has  been  in  use  successfully  for  some  years  at  Geneva,  to  dis- 
tribute astronomical  time  through  the  different  sections  of  that  city. 

The  writer  presents  in  the  accompanying  diagram  a  device  of  his 


own  for  the  same  purpose,  which,  he  believes,  will  commend  itself  for 
simplicity  as  well  as  for  effectiveness. 

With  the  exception  of  an  additional  contact  spring,  S",  the  current- 
breaker  is  the  same  as  described  in  the  Journal  of  the  Franklin 
Institute,  August  number,  1882. 

The  metal  disk  D,  is  fastened  to  the  axle  of  the  escape-wheel  of  a 
clock,  and  has  as  many  platinum  pinsp,  attached  vertically  upon  its  face, 
as  there  are  openings  and  closings  of  the  circuit  needed  during  the 
time  it  completes  one  revolution,  d  is  a  platinum  disk;  fastened  to  the 
pin-bearing  disk ;  S  and  S'  are  two  contact  springs.  The  spring  S 
rests  upon  the  platinum  disk,  while  S'  is  to  make  the  contact  with  the 
pins  J).  When  the  disk  moves  with  the  escape-wheel  of  the  clock,  and 
Whole  No.  Vol.  CXV. — (Third  Series,  Vol.  Ixxxv.)  15 
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the  spring  S'  comes  in  contact  with  one  of  the  pins  p,  the  circuit  of 
the  battery  is  completed,  and  broken  when  removed  from  it. 

In  the  diagram,  D  represents  the  current-breaker ;  B  the  battery ; 
M,  the  electro-magnet ;  and  G,  the  ground  conductor.  The  spring  S' 
is  in  contact  with  a  pin  and  thereby  completes  the  circuit.  The 
current  now  takes  the  course  as  shown  by  the  arrows  1.  The  contact 
spring  S"  is  placed  a  little  higher  than  S',  and  therefore  does  not  yet 
touch  the  pin  j>.  But  as  soon  as  D  moves  on  again,  S"  will  a  moment 
before  S'  leaves  the  pin  come  also  in  contact  with  it;  at  this  moment 
S"  will  make  a  short  circuit  through  the  conductor  E,  and  the  course 
of  the  battery  current  becomes  that  of  the  arrows  2,  while  the  induced 
current  of  M,  at  the  moment  the  short  circuit  is  made,  takes  the  course 
as  indicated  by  the  arrows  3.  A  moment  after  S'  leaves  p,  S"  follows 
it,  and  the  short  circuit  of  the  battery  is  also  broken. 


Book  Notices. 


Physics  and  Occult  Qualities.  An  Address  delivered  before  the 
Philosophical  Society  of  Washington,  December  2,  1882,  by  Wil- 
liam B.  Taylor,  retiring  President  of  the  Society. 

In  these  days  of  scientific  dogmatism,  it  is  refreshing  to  find  a  good 
thinker  and  acute  reasoner,  who  is  bold  enough  to  admit  that  there 
are  such  things  as  "occult  qualities;"  that  " force  "  is  a  reality,  the 
function  of  which  "  is  attended  with  no  expenditure,  and  is  capable  of 
no  exhaustion ;"  that  the  highest  induction  "  accounts  consistently  for 
the  unfaltering  obedience  and  instantaneous  response  of  all  the  count- 
less atoms  of  the  universe  to  the  reign  of  '  law,'  by  positing  behind 
such  law,  an  Infinite  Law-GR'^er." 

These  acknowledgments  are  made  with  a  degree  of  candor,  which  is 
as  commendable  as  it  is  remarkable.  It  would  be  difiicult  to  find, 
elsewhere,  so  concise  and  so  fair  a  statement,  both  of  the  triumphs  and 
of  the  insuperable  obstacles  of  the  kinematic  theory,  or  so  ready  an 
admission  that  even  the  dynamic  theory  does  no  more  than  acquiesce 
in  its  results,  and  accepts  the  established  properties  of  matter  "as 
ultimate  and  inexplicable." 

The  conclusion  (p.  36)  "that  matter  Ls  capable  of  acting  only  where 
it  is  not,"  diametrically  opposed  as  it  is  to  the  old  and  common  notion 
"that  nothing  can  act  save  where  it  is,"  will  undoubtedly  strike  many 
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readers  as  "absurd,  incomprehensible,  inconceivable"  and  paradoxical. 
It  is,  however,  well  sustained,  by  reasoning  which  may  be  commended 
to  the  careful  study  of  all  who  are  inclined  to  discard  metaphysics  and 
to  believe  that  all  phenomena  can  be  explained  by  methods  which  are 
altogether  mechanical.  Mr.  Walter  R.  Browne  {Phil.  Mag.  Dec. 
1880 ;  Jan.  1883)  has  also  adduced  cogent  arguments  to  show  the 
necessity  of  granting  action  at  a  distance. 

The  experiments  of  Guthrie  (1870)  and  Bjerknes  (1881)  upon 
attractions  and  repulsions  by  the  influence  of  vibrations  are  cited,  but 
no  reference  is  made  to  Chase's  earlier  experiments  with  magnetic 
needles,  which  were  published  in  1864  {Proc.  Am.  Phil.  Sac,  ix,  359 ; 
X,  151-66). 

We  note  but  one  seeming  inconsistency  in  the  whole  address  (p.  48) : 
"  Under  the  j)rese)\t  system  of  dynamic  law,  it  is  certain  that  as  radiating 
and  cooling  bodies, 

'  The  stars  shall  fade  away,  the  sun  himself 
Grow  dim  with  age,  and  nature  sink  in  years.' 

Nor  is  there  known  to  science  any  natural  process  whereby  this  cosmic 
doom  may  be  either  averted  or  repaired  by  exterior  reversal."  This 
is  a  kinematic,  rather  than  a  dynamic  conclusion,  and  it  is  dynamically 
controverted  by  the  fact  that  the  velocity  of  light,  the  velocity  of 
electro-dynamic  action,  and  the  velocity  of  the  gravitating  time-integral 
of  solar  rotation,  are  each  equivalent  to  the  thermal  unit  of  velocity  at 
the  centre  of  our  system  which  is  indicated  by  Laplace's  principle  of 
periodicity  {Photodynamic  Notes,  280,  321,  333 ;  Proe.  Am.  Phil.  Soc, 
vol.  xx).  C. 


Manual  of  Blow-pipe  Analysis  and  Determinative  Miner- 
alogy.    By  H.  B.  Cornwall.     D.  Van  Nostrand,  1882. 

The  multiplication  of  mannals  and  text-books  is  so  great  in  certain 
branches  of  science  that  the  author  frequently  begins  his  preface  by 
apologizing  for  ever  having  written  the  work  at  all.  This  is  the  case, 
€.  g.,  in  treatises  upon  qualitative  chemical  analysis,  in  manuals  on 
geology,  in  ordinary  school  books,  arithmetics,  etc.  But  it  can  hardly 
be  said  to  be  the  case  in  regard  to  works  like  the  one  we  are  now  con- 
sidering. The  use  of  the  blow-pipe  in  chemistry  and  mineralogy  can- 
not be  too  greatly  appreciated.  The  behavior  of  minerals,  ores,  and 
inorganic  bodies  in  general  at  a  high  temperature,  their  fusibility,  their 
reactions  with  fluxes,  their  properties  in  an  oxidizing  atmosphere,  in  a 
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reducing  atmosphere,  the  alloys  they  form,  their  affinities  for  oxygen, 
for  sulphur,  their  coloring  power,  all  of  these  and  many  other  proper- 
ties can  be  determined  by  this  little  instrument  with  ease  and  certainty, 
and  it  may  be  stated  as  a  fact,  that  whoever  has  thoroughly  mastered 
the  study  of  blow-pipe  analysis  must  necessarily  be  well  grounded  in 
the  principles  that  underlie  the  more  important  science  of  metallurgy, 
since  the  elements  exhibit  the  same  reactions  in  the  small  tests  that 
they  do  in  the  large  smelting  works. 

Mr.  Cornwall's  book  is  an  octavo  of  some  three  hundred  pages,  con- 
taining, in  practical  effect,  all  of  value  to  be  found  in  Plattner's  large 
treatise,  both  in  qualitative  and  quantitative  work.  Nor  is  any  one  better 
fitted  to  abridge  this  standard  authority  than  our  author,  since  the^ 
English  translations  of  Plattner  have  come  from  his  pen. 

The  qualitative  reactions  and  separations  are  given  with  great  full- 
ness and  very  clearly,  a  number  of  new  ones  being  introduced.  Bun- 
sen's  Flame  Reactions  are  omitted,  and  without  any  great  loss  to  the 
work,  as  we  cannot  remember  ever  having  heard  of  their  being  used 
by  any  one  other  than  Bunsen  himself. 

Tiie  system  of  determinative  mineralogy — an  important  part  of  the 
work — is  to  a  great  extent  new,  and  is  excellent.  We  notice  one  or 
two  trifling  errors  :  the  formula  of  Sepiolite  is  not  correct,  and  the  per 
cent,  of  water  in  Hollaysite,  as  given,  does  not  correspond  with  its 
formula.*  In  the  chapter  on  quantitative  analysis  Plattner's  Chro- 
mium Assay  is  wisely  omitted,  as  it  is  a  worthless  process.  The  Iron 
Assay  might  also  have  been  left  out  with  advantage  since  the  method 
described  is  obsolete  and  incorrect. 

We  can  recommend  this  work  as  being  a  valuable  one,  either  to  the 
student  or  to  the  trained  mineralogist  or  chemist.  H.  P.,  Jr. 


Vanadium  Green, — The  treatment  of  the  slags  which  are  pro- 
duced in  the  dephosphoration  of  certain  smeltings  at  Creuzot,  has  fur- 
nished Messrs.  Osmont  and  Witz  considerable  quantities  of  vanadic 
acid.  This  acid  is  produced  by  the  reaction  of  oxygen  upon  vanadi- 
um ;  on  treating  it  with  chlorhydric  acid  a  beautiful  green  color  is 
obtained,  which  may  be  employed  in  dyeing. — Les  Mondes,  iii,  253.    C^ 


*  Since  writing  the  above  we  have  noticed  several  other  minerals  whose 
formulse  are  incorrectly  given.  Tliis  is  apt  to  lead  the  student  astray,  and 
is  worthy  of  the  author's  attention  in  future  editions. 
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ROBERT  BRIGGS. 


Robert  Briggs  was  born  on  tlie  18tli  of  June,  1822,  in  the  city 
of  Boston,  Mass.,  and  was  educated  in  the  public  schools  of  that  city. 
He  early  showed  a  special  aptitude  for  mathematics,  the  use  of  which 
was  to  become  so  important  in  his  career,  and  the  proficiency  thus 
acquired  was  maintained  and  increased  during  the  whole  of  his  subse- 
quent life. 

His  technical  education  commenced  in  1839,  when,  at  the  age  of 
seventeen,  he  entered  the  office  of  Captain  Alexander  Parris,  a  civil 
engineer  and  architect  of  Boston  and  Charlestown,  Mass.  Here  he 
remained  for  several  years,  partly  in  the  capacity  of  pupil  and  partly 
in  that  of  assistant,  thus  acquiring  his  first  familiarity  with  the  actual 
duties  of  the  engineer.  The  practical  education  thus  commenced  continued 
uninterruptedly  throughout  all  the  following  years  of  his  life,  and 
ranged  over  a  broader  field  than  it  usually  falls  to  the  lot  of  any  indi- 
vidual to  cover  with  his  personal  experience.  It  included  nearly  all  of 
the  more  important  branches  of  work  which  are  usually  comprehended 
in  the  duties  of  both  the  civil  and  mechanical  engineer,  from  the  work 
of  the  surveyor  in  the  field  and  in  the  office,  to  the  construction  of  the 
Washington  Aqueduct;  from  the  building  of  a  rolling  mill  to  the 
superintendence  of  the  largest  tube  works  in  the  country ;  from  the 
heating  and  ventilating  of  a  country  school-house  to  that  of  the  Capitol 
of  the  United  States  ;  from  the  designing  of  steam  and  gas  fittings  to 
that  of  tiie  heaviest  puni|)ing  engines  ;  from  the  draughtman's  board 
to  the  editor's  table.  In  the  performance  of  some  of  these  duties  he 
occupied  subordinate  positions  under  the  direction  of  other  engineers, 
but  in  most  of  them  he  was  alone,  and  the  work  done  by  him,  whether 
as  designer,  constructor,  or  manager,  was  in  the  fullest  sense  his  own. 
Although  not  an  inventor  in  the  ordinary  acceptation  of  the  term,  Mr. 
Briggs  did  more  new  and  original  work  than  most  professional  inven- 
tors. In  some  few  cases  he  sought  protection  for  these  fruits  of  his 
brain  by  patents,  but  most  of  his  concej)tions  and  inventions  were  given 
freely  to  the  engineering  public  without  demand  for  compensation  and 
without  restriction  of  any  kind.  Mr.  Briggs  was  a  disbeliever  in  the 
expe<liency  of  the  patent  system,  or  at  least  believed  that  in  most  fields 
of  industrial  work  its  provisions  are  unnecessary,  if  not  actually  harm- 
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ful.  He  proved  his  faith  in  this  belief  by  giving  freely  the  products 
of  his  own  inventive  powers  to  those  who  sought  them,  leaving  the 
question  of  compensation  to  be  afterwards  adjusted  or,  too  frequently^ 
to  be  entirely  neglected.  This  bias  (or  peculiarity  as  it  certainly  was)* 
is  properly  attributable  to  his  deep  interest  in  his  own  work  and  to  the 
spirit  of  professional  generosity  which  accompanied  it  and  which 
prompted  him.  To  him  it  was  a  pleasure  of  the  highest  kind  to  lay 
before  others  the  results  of  his  own  study  and  work,  and  this  pleasure- 
he  could  not  forego  for  the  mere  sake  of  hoarding  his  knowledge  with 
the  prospect  of  possibly  turning  it  into  ultimate  pecuniary  benefit. 

Leaving  Boston  in  1844,  Mr.  Briggs  went  to  the  West,  where  for  a 
short  time  he  taught  school.  Returning  from  the  West  in  1845,  he 
found  temporary  occupation  as  a  clerk  in  Troy,  N.  Y.,  but  the  bent 
of  his  mind  lay  too  strongly  in  the  direction  of  engineering  for  him  to 
be  long  diverted  from  his  true  channel  of  work.  According,  in  1847, 
we  find  that  he  returned  to  Boston,  and  after  a  few  months  work  under 
Mr.  Charles  Hastings,  C.  E.,  in  laying  out  a  line  of  railway  in  Massa- 
chusetts, he  accepted  a  position  as  "  Constructing  Engineer "  to  the 
Glendon  Rolling  Mill,  a  large  aud  important  establishment  then  being 
built  at  East  Boston.  Upon  the  completion  of  that  work  he  opened 
an  office  of  his  own  in  Boston,  as  Architect  aud  Engineer,  an  experi- 
ment which  he  repeated  in  Philadelphia  in  the  later  years  of  his  life. 
This  early  experiment,  like  the  later  one,  met  with  but  small  success, 
the  practice  of  this  country  in  engineering  matters  being  too  strongly 
established  upon  the  basis  of  each  establishment  having  its  own  engi- 
neer, to  leave  room  for  the  profitable  practice  of  a  consulting  engineer,, 
although  in  England  this  latter  calling  is  one  of  the  most  important 
and  lucrative  in  the  profession. 

Mr.  Briggs'  connection  with  what  was  to  become  the  most  important 
professional  association  of  his  life,  commenced  in  August,  1848,  when 
he  entered  the  service  of  Walworth  &  Nason,  of  Boston,  and  assumed 
the  charge  of  ihe  building  of  their  Tube  Works  and  the  superintend- 
ence of  the  same  when  completed.  One  of  the  surviving  partners  of 
that  firm,  in  writing  recently  of  Mr.  Briggs,  states  that  during  this 
connection  "he  proved  himself  to  beau  able  and  faithful  engineer,  ful- 
filling all  the  duties  that  devolved  upon  him  with  remarkable  fidelity 
and  ingenuity.  His  memory  is  cherished  with  great  respect  and  affec- 
tion." 

In   the  latter  part  of  1852,  Mr.  Briggs  accepted  the  position  of 
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Superintending  Engineer  of  the  firm  of  Bird  &  Weld  (now  the  Phoe- 
nix Works),  of  Trenton,  N,  J.,  where  he  was  employed  in  the  build- 
ing of  machinery  for  the  manufacture  of  rubber  and  other  miscellaneous 
purposes.  Leaving  here  in  November,  1853,  he  moved  to  Mount 
Savage,  Md.,  where  for  six  months  he  acted  as  Superintendent  of  the 
rolling  mill  at  that  place.  Six  months  later,  in  May,  1854,  he 
exchanged  this  position  for  that  of  Superintendent  of  the  well-known 
Renssellaer  Rolling  Mill,  at  Troy,  N.  Y.,  in  which  position  he  remained 
for  a  year. 

In  1855,  Mr.  Briggs  accepted  an  appointment  as  Assistant  Engineer 
under  Captain  (now  General)  M.  C.  Meigs,  in  which  capacity  he  was 
employed  at  first  in  the  direction  of  the  building  of  the  Washington 
Aqueduct,  and,  subsequently,  in  the  erection  of  the  iron  work  forming 
the  dome  of  the  Capitol  at  Washington,  and  in  the  heating  and  venti- 
lating of  the  halls  of  Congress.  During  his  connection  with  these 
important  works,  Mr.  Briggs  conducted  an  original  investigation  upon 
the  strength  and  proportions  of  cast  iron  pipes,  and  published  a  dia- 
gramatic  table  of  the  same.  This  paper,  we  believe,  to  have  been  the 
first  important  one  of  the  long  series  which  flowed  from  his  facile  pen. 
While  engaged  upon  the  erection  of  the  Capitol  building,  he  designed 
a  lathe  for  turning  the  large  monolithic  marble  columns  which  form 
the  portico  of  the  Capitol,  and  in  connection  with  the  heating  and  ven- 
tilating of  this  building,  made  the  elaborate  and  original  researches 
which  were  subsequently  embodied  in  his  paper  read  before  the  British 
Institution  of  Civil  Engineers,  in  1870. 

Leaving  Washington  in  1857,  he  early  in  the  following  year  became 
a  partner  in  the  firm  of  Nason,  Dodge  &  Briggs,  of  New  York.  The 
senior  partner  of  this  firm,  Mr.  Joseph  Nason,  was  the  pioneer,  in  this 
country  at  least,  in  the  art  of  heating  buildings  by  steam,  and  in  this 
new  association,  Mr.  Briggs  continued  and  enlarged  the  experience  he 
had  already  commenced  while  in  the  employ  of  Walworth  &  Nason,  as 
a  designer  and  constructor  of  a])pliances  for  heating  by  steam,  including 
the  manufacture  of  all  kinds  of  brass  and  iron  fittings  for  the  same. 

It  is  possible  that  the  seductions  of  his  mathematical  acquirements 
and  his  already  considerable  appreciation  of  the  theoretical  conditions 
involved  in  the  flow  of  air,  and  other  questions  involved  in  the  heat- 
ing and  ventilating  of  buildings,  may  have  interfered  with  commercial 
success  in  his  new  undertaking,  or  have  disturbed  the  relations  between 
himself  and  his  more  practical  associates,  for  the  partnership  did  not 
continue  nuich  more  than  one  vear. 
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Coming  to  Philadelphia  in  1860,  Mr.  Briggs  entered  upon  the  longest 
and,  in  many  respects,  the  most  important  engagement  of  his  profes- 
sional life,  by  accepting  the  position  of  Superintendent  and  Engineer 
of  the  Pascal  Iron  Works,  of  Morris,  Tasker  &  Company.  These 
works,  under  his  management,  became  the  largest  and  most  important 
producers  in  this  country  of  wrought  pipes  and  boiler  flues,  of  iron 
and  brass  fittings  and  valves,  of  machinery  for  cutting  and  screwing 
pipes,  of  appliances  for  steam  and  hot  water  heating,  and  of  apparatus 
for  gas  works.  The  works  when  he  assumed  control  of  them,  were  in 
a  comparatively  disorderly  condition,  and  his  first  efforts  were  directed 
to  the  bringing  of  "  order  out  of  chaos,"  in  which  he  succeeded  admir- 
ably, so  that  the  works  became  a  model  of  good  management  and 
economical  operation.  This  done,  he  addressed  himself  to  classifjnng 
and  systematizing  the  varied  products  of  the  concern,  and  to  the  pre- 
paration of  an  illustrated  catalogue  of  the  same.  This  latter,  a  large 
quarto  volume  filled  with  illustrations  of  the  many  hundreds  of  articles 
produced  under  his  management  (many  of  the  illustrations  being  repro- 
duced from  his  own  sketches),  became  the  standard  throughout  the 
United  States  for  the  work  of  the  several  classes  to  which  it  relates, 
and  is  to-day  a  monument  to  his  untiring  industry  and  to  his  compre- 
hensive grasp  of  a  business  of  almost  endless  detail.  In  1862-63  he 
designed  and  erected  large  additional  buildings  for  the  Pascal  Works, 
including  a  new  pipe  mill  and  machine  shop,  which,  when  put  in  oper- 
ation, proved  convenient  and  economical  and  far  better  than  any  sim- 
ilar plant  previously  erected.  At  about  this  time  Mr.  Briggs  also 
designated  and  constructed  for  the  city  of  Galveston,  Texas,  a  flat-top 
gas-holder,  built  without  interior  trussing.  It  is  believed  that  this 
method,  which  was  a  radical  and  bold  departure  from  existing  prece- 
dents, although  it  is  now  almost  universal,  was  original  with  Mr. 
Briggs.  Among  the.  improvements  introduced  by  him  in  the  manu- 
facture of  tools  for  pipe  fittings,  was  the  application  of  the  Blanchard 
(or  eccentric)  lathe  to  tap  making,  by  which  the  "backing  oif"  of  taps 
was  done  by  machinery  instead  of  by  the  laborious  hand  process  previ- 
ously in  use. 

In  January,  1866,  Mr.  Briggs  visited  England  on  behalf  of  the 
Pascal  Iron  Works,  chiefly  to  examine  the  Siemens'  regenerative  fur- 
nace, with  a  view  to  apply  it  to  the  heating  of  plates  in  tube  making. 
He  remained  abroad  four  months,  during  which  time  he  visited  most 
of  the  engineering  works  in  England,  Scotland,  and  Belgium.     His 
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reception  by  English  engineers  was  remarkably  cordial  and  appreciativ'e. 
His  intimate  familiarity  Avith  American  engineering  pra(;tice,  in  many 
lines  of  work,  and  hisreadiness  to  impart  freely  all  that  he  knew,as  well  as 
his  clear  appreciation  of  the  points  in  American  practice  which  would 
most  interest  English  engineers,  soon  brought  him  into  pleasant  and 
intimate  relations  with  many  of  the  latter  and  led  to  friendships  which 
continued  up  to  the  date  of  his  death.  On  the  other  hand,  his  life- 
long habits  of  observation  and  his  broad  acquaintance  with  the  indus- 
trial arts  gave  him  an  interest  in  everything  that  he  saw,  and  his 
retentive  memory  was  rapidly  stored  with  facts  relating  to  English 
practice  in  many  fields  of  work.  The  knowledge  thus  acquired  added 
largely  to  his  professional  resources,  and  wa-s  turned  to  account  in  many 
useful  ways  after  his  return. 

His  connection  with  the  Pascal  Iron  Works  was  the  longest  of  his 
professional  career,  lasting  nine  years,  or  until  November,  1869.  At 
its  conclusion  he  again  visited  England,  remaining  there  nearly  a  year, 
enlarging  his  acquaintance  with  English  engineers,  and  continuing  his 
study  of  their  practice,  particularly  in  connection  with  tube  making. 
It  was  during  this  visit  that  he  presented  to  the  Society  of  Civil  P'ngi- 
neers,  his  paper  "  On  the  Conditions  and  the  Limits  which  govern  the 
Proportions  of  Rotary  Fans,*  This  essay  was  a  philosophical  inquiry 
into  the  action  of  these  machines,  and  was  of  great  interest  and  value, 
not  only  in  regard  to  the  ventilating  fan,  but  also  of  its  analogue,  the 
turbine.  The  paper  was  awarded  a  Watt  medal  anrl  a  Telford  pre- 
mium. On  the  4th  of  February,  1879,  Mr.  Briggs  was  elected  a  mem- 
ber of  the  British  Institution  of  Civil  Engineers,  and  about  this  lime 
also  became  a  member  of  the  Institution  of  Mechanical  Engineers. 

Returning  to  the  Tnited  States,  Mr.  Briggs,  in  January,  1871, 
became  the  superintendent  and  engineer  of  the  Southwark  foundry, 
then  belonging  to  Mr.  Henry  (i.  Morris.  These  works,  previously 
owned  by  Merrick  li-  Towne,  and  later  by  Merrick  &  Sons,  were 
engaged  in  heavy  engineering  work  of  wide  variety,  and  the  oppor- 
tunity thus  oj)ened  to  Mr.  Briggs  wa.s,  in  some  respects,  the  pleasantest 
and  most  congenial  in  his  career.  During  this  connection  he  designed 
and  built  a  pum))ing  engine,  for  the  city  of  Lowell,  Mass.,  which  may 
be  regarde<l  as  the  largest  single  work  of  his  life.  This  niachine  was 
a  compound  rotative  engine  of  the  "Siini)son  "  type,  with  a  capacity  of 
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five  million  gallons  per  twenty-four  hours  under  a  head  of  one  hun- 
dred and  sixty  feet.  When  completed  it  gave  a  "  duty  "  of  over  one 
hundred  millions,  which,  to  those  conversant  with  pumping  machinery, 
is  the  best  indication  of  its  high  qualities.  In  these  works  Mr.  Briggs 
also  designed  and  constructed  a  large  variety  of  heavy  work,  including 
sugar  mills  and  sugar  refining  machinery,  gas  apparatus,  blast  furnace 
engines  and  furnaces,  stationary  engines,  nitrate  of  soda  apparatus,  etc. 
He  also  designed  and  built  a  large  new  foundry,  and  a  thirty  ton  travel- 
ing crane  operated  by  power.  His  engagement  lasted  until  the  closure 
of  the  works,  which  occurred  in  1875,  owing  to  causes  resulting  from 
the  disturbance  of  the  iron  market,  and  wholly  independent  of  his 
part  in  the  management  of  the  business. 

For  some  time  after  the  closing  of  the  South wark  foundry  Mr. 
Briggs  was  confined  by  illness.  Recovering  from  this  he  again  made 
a  short  visit  to  England.  In  1876  he  became  the  editor  of  the  JouR- 
XAL  OF  THE  Franklin  INSTITUTE,  which  position  he  filled  for  seve- 
ral years,  and  for  which  his  wide  experience  as  an  engineer,  and  his 
almost  equal  experience  in  the  writing  of  papers,  descriptive  of  engi- 
neering practice,  eminently  fitted  him.  A  reference  to  the  pages  of 
the  Journal  during  his  editorship  will  show  how  industriously  he 
discharged  his  duties,  and  how  well  adapted  he  was  to  the  perform- 
ance of  such  work.  His  contributions  were  very  numerous,  and 
covered  a  great  variety  of  subjects.  In  1878  Mr.  Briggs  opened  an 
office  in  Philadelphia  as  consulting  engineer,  devoting  himself  particu- 
larly to  the  designing  of  heavy  machinery  and  iron  work,  to  the  appli- 
cation of  heat  in  the  arts,  and  to  the  designing  of  works  for  gas  and 
water  supply.  His  success  in  this  experiment  was  only  moderate  for 
the  reason,  as  above  explained,  that  practice  of  this  kind  is  not  in 
vogue  in  this  country,  and  obtains  but  little  recognition  and  support. 

In  1880  he  became  consulting  assistant  to  Colonel  Ludlow,  United 
States  Engineer  of  River  and  Harbor  Improvements  in  the  vicinity  of 
Philadelphia.  The  terms  of  his  engagement  permitted  him  to  retain 
a  portion  of  his  office  practice,  and  he  continued,  until  his  final  illness, 
to  give  more  or  less  attention  to  miscellaneous  engineering  affiiirs, 
including  particularly  the  heading  and  ventilating  of  large  buildings. 
He  continued  also  after  the  termination  of  his  official  connection  with 
the  Journal  of  the  Franklin  Institute  to  enrich  its  columns  with 
contributions  from  his  pen,  and  in  addition  to  this  did  much  other  lite- 
rary work.     One  of  his  papers,  read  before  the  Society  of  Civil  Engi- 
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neers,  of  which  Society  he  was  a  member,  on  the  "  Ventilation  of 
Halls  of  Audience"  attracted  much  attention.  In  it  he  urged  that 
American  engineers  should  discard  European  practice  in  this  branch 
as  unsuited  to  the  conditions  both  of  climate  and  physical  constitution 
of  the  population ;  and  he  referred  to  the  well  authenticated  fact  that 
the  modern  American  requires  a  temperature  of  not  less  than  70°  F. 
for  comfort,  although  his  English  cousins  are  comfortable  in  a  room 
of  10°  lower  temperature.  In  1881  Mr.  Briggs  presented  to  the 
British  Institution  of  Civil  Engineers  an  elaborate  paper  on  "  Ameri- 
can Steam  Heating  Practice."  Referring  to  this,  the  editor  of  one  of 
our  leading  engineering  journals  writes  as  follows :  "  Although  pre- 
senting few  novelties  to  American  readers  it  is  probably  the  best  expo- 
sition of  the  American  system  which  has  ever  been  presented  to  foreign 
engineers.  In  its  historical  details  it  is  particularly  full  and  valuable, 
Mr.  Briggs  having  been  early  connected  with  the  steam  heating  indus- 
try, and  practically  one  of  the  first  who  applied  scientific  methods  to 
it.  To  him  the  world  is  indebted  for  the  system  of  pipe  threads  now 
employed,  and  the  fittings  which  have  practically  become  standard." 

The  foregoing  outline,  sketches  briefly  the  salient  points  of  Mr. 
Briggs'  career  as  an  engineer.  It  may  be  supplemented  by  the 
following  tribute  from  a  letter  published  soon  after  his  death  by  one 
of  his  intimate  friends.  "  One  of  his  most  notable  traits  was  the  com- 
prehensive scope  of  his  knowledge,  which  covered  almost  the  entire 
field  of  engineering,  both  civil  and  mechanical,  and  included  much 
also  of  metallurgy,  chemistry,  architecture,  and  applied  sciences^ 
On  almost  any  topic  under  these  heads  he  could  discourse  as  a  master,^ 
with  a  minuteness  and  familiarity  astonishing  to  any  but  those  who 
knew  what  an  extraordinary  range  was  covered  by  his  personal  expe- 
rience in  connection  with  mechanical  and  industrial  operations,  and 
who  knew  also  h()w  far  these  were  supplemented  by  professional  study 
and  reading,  continued  uninterruptedly  during  the  forty  years  of  his 
business  life.  Added  to  these  were  the  advantages  of  a  good  early 
education,  an  exceptional  aptitude  for  mathematics  (in  which  he 
excelled),  and  a  very  retentive  memory.  His  temperament  was  ])lacid 
and  equable,  and  his  companionsiiip,  a  ])lcasiu'e  which  his  intimate 
friends  at  least  can  never  forget." 

Mr.  Briggs  had  never  enjoyed  robu.st  health,  and,  during  portions  of 
his  life,  his  condition  was  almost  that  of  an  invalid.  His  vital 
strength  had  gradually  failtnl  during  the  latter  years  of  his  life,  and  in 
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December,  1881,  after  his  return  from  a  brief  last  visit  to  England, 
indications  of  paralysis  developed.  He  continued  work  for  some 
months  longer,  but  ceased  finally  in  April,  1882,  at  which  time,  on  the 
advice  of  his  physician,  he  left  Philadelphia  and  went  to  his  mother's 
home,  in  Dedham,  Mass.,  where,  on  the  24th  of  July,  1882,  he  died 
of  paralysis,  resulting  from  tumor  on  the  brain,  after  a  lingering  and 
painful  illness,  having  just  completed  his  sixtieth  year. 

Mr.  Briggs'  contributions  to  the  literature  of  engineering  were  very 
numerous  and  valuable.  Among  them  may  be  mentioned,  in  addition 
to  the  papers  above  referred  to,  his  article  "  On  the  Transmission  of 
Force  by  Belts  and  Pulleys,"  based  on  the  experiments  of  Mr.  Henry 
R.  Towne,  usually  known  as  "  Briggs'  and  Towne's  experiments," 
which  have  been  adopted  in  the  text  books  both  of  this  country  and 
of  England ;  a  report  on  the  "  Ventilation  of  the  House  of  Repre- 
sentatives, Washington ;"  a  paper  on  the  "  Circulation  of  Water  in 
Steam  Boilers,"  etc. 

It  is  to  be  hoped  that  the  most  valuable  of  Mr.  Briggs'  numerous 
papers  may  in  time  be  republished  in  collected  form,  and  thus  made 
permanently  available  to  the  profession,  to  the  advancement  of  which 
he  contributed  so  largely  during  the  many  years  of  his  active  life. 

Henky  G.  Morris, 
Henry  R.  Towne, 

B.    C.  TiLGHMAN. 


Heat  and  Magnetism. — L.  Pilleux  has  lately  called  attention  to 
the  heating  of  iron  during  its  magnetization.  The  fact  had  been  pre- 
viously observed  by  D.  Tommasi  in  some  researches  which  are  not  yet 
published  upon  the  comparative  study  of  the  chemical  properties  of 
ordinary  iron  and  of  magnetized  iron.  In  order  to  obtain  a  constant 
magnetic  intensity  he  employed  an  electromangnet  of  a  single  branch 
in  |)lace  of  an  ordinary  magnet.  When  the  current,  eveh  if  it  was 
produced  by  a  weak  battery,  had  traversed  the  coil  for  some  hours, 
the  magnetized  bar  became  perceptibly  warm.  He  at  first  attibuted 
the  heating  of  the  iron  to  the  heating  of  the  coil ;  but  he  was  greatly 
astonished,  one  day  when  he  had  removed  the  bar  in  order  to  clean  it 
and  had  forgotten  to  interrupt  the  current,  to  find  that  the  coil  was 
not  heated  at  all. — Les  Monde.n,  xxxi,  621.  C. 


Mar.,  1883.]  Items.  237 

Bleaching  by  Electricity. — Dobbie  and  Hutcheson  have  exper- 
imented upon  bleacliing  by  the  aid  of  electrolysis.  For  this  purpose 
the  stuff  is  dipi^ed  into  sea  water  and  then  passe<l  through  hot  rolls 
which  are  connected  with  the  poles  of"  a  galvanic  battery.  In  order 
to  decompose  the  hypochloride  which  is  thus  formed,  the  cloth  is  drawn 
through  diluted  acid  and  fully  bleached. — Dingler's  Journal,  Oct.,  '82. 

Gravity  Barometer.  —  Mascart  has  invented  a  barometer  in 
which  the  variations  of  weight  are  sho^vn  and  mejisured  by  the 
changes  of  height  in  a  column  of  mercury,  which  is  in  equilibrium 
with  the  pressure  of  a  mass  of  gas.  The  instrument  has  been  tested 
under  shocks  of  every  kind  to  which  it  would  be  exposed  in  traveling- 
in  Paris,  Hamburg,  Stockholm,  Drontheim,  and  Troms5.  It  was 
found  to  be  readily  transportable,  and  its  precision  did  not  appear  to 
be  inferior  to  that  of  the  pendulum.  It  requires  no  other  observation 
than  that  of  the  temperature  and  the  level  of  the  mercury,  and  the 
preparation  can  be  made  in  less  than  an  hour  in  a  hotel  chamber. — 
Comptes  Rendus,  Oct.  9,  1882,  C. 

Molecular  Structure  of  Metals. — It  is  genei-ally  thought  that 

the  crystalline  structure  docs  not  exist  in  metals  which  have  been 
drawn  or  rolled.  M.  Kalischer  has  undertaken  a  series  of  experiments 
with  cadmium,  tin,  copper,  iron,  steel,  etc.  He  has  arrived  at  the 
conclusion  that  the  crystalline  state  corresponds  to  the  natural  molecu- 
lar structure  of  metals.  This  state  may  be  modified  more  or  less  easily 
by  mechanical  labor,  but  it  is  commonly  reestablished  under  the  influ- 
ence of  hciit.  In  some  metals  which  have  been  drawn  into  wire  the 
heat,  while  reestablishing  the  crystalline  structure,  increases  at  the 
same  time  the  electric  conductibility. —  Chron.  Indufitr.,  Oct.  19,  1882. 

Light  of  Comets. — According  to  Huggins,  comets  emit  a  charac- 
teristic light  which  indicates,  by  spectral  analysis,  the  presence  of  car- 
bon, hydrogen,  and  nitrogen,  elements  which  are  shown  by  the  spectra 
of  acetylene  and  cyanhydric  acid.  Berthelot  thinks  that  these  results 
point  to  an  elwtric  origin  of  the  light.  He  has  shown  that  acetylene 
is  formed  immediately  and  necessarily  whenever  carbon  and  hydrogen 
come  under  the  influence  of  the  electric  arc.  When  nitrogen  is  addal 
U)  acetylene  the  electric  influence  produces  cyanhydric  acid.  It  seems 
scarcely  possible  to  conceive  of  a  continuous  combustion  in  coraetary 
matter,  but  an  electric  illumination  may  be  easily  understood. — Ann. 
de  Chim.  d  de  Phyn.,  Oct.,  1882.  C. 
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Use  of  Ethylene  in  Refrigerating. — Cailletet's  experiments 

show  that   Ethylene  is   liquefied   under  the  following  pressures  and 
temperatures: 

60  atmospheres,  .  .  .         10°C.  50°F. 

56  "  .  .  8°C.  46-4°F. 

50  "  .  .  .  4°C.  39-2°F. 

45  "  .  .  l°a  33-8°F. 

Its  critical  point  is  about  13°  (55'4°F.),  while  that  of  carbonic  acid 
is  about  31°  (87'8°F).  These  properties  induced  him  to  see  whether 
liquefied  ethylene  would  not  give  a  more  intense  cold  than  that  which 
corres^jonds  to  the  ebullition  of  protoxide  of  nitrogen.  By  slightly 
modifS'ing  the  apparatus  which  he  used  for  liquefying  oxygen,  he  suc- 
ceeded in  producing  a  more  intense  cold  than  had  been  previously 
realized.  Ethylene,  moreover,  possesses  the  property  of  remaining 
liquid  and  transparent,  under  temperatures  at  which  nitrogen  protoxide 
and  carbonic  acid  become  solid  and  opaque.  He  hopes  to  obtain  still 
greater  degrees  of  cold  by  condensing  gases  which  are  more  difficult 
to  liquefy  than  ethylene. — Comptes  Rendun,  xciv,  1224.  C 
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Hall  of  the  Institute,  February  21,  1883. 

The  meeting  was  called  to  order  at  the  usual  hour,  with  the  Presi- 
dent, Wm.  P.  Tatham,  in  the  chair. 

There  were  present  124  members  and  39  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers  and 
reported  that  at  the  last  meeting,  held  Wednesday,  February  14th,  7 
persons  had  been  elected  to  membership. 

The  Special  Committee  on  "  Prevention  of  Fires  in  Theatres,"  re- 
ported progress  and  was  continued. 

The  Special  Committee  charged  with  the  preparation  of  a  memorial 
of  the  late  Robert  Briggs,  presented  a  report  which  was  read. 

On  motion  of  Mr.  Hector  Orr,  seconded  by  Mr.  J.  B.  Burleigh,  the 
same  was  accepted  and  the  Committee  discharged,  with  the  thanks 
of  the  Institute.  The  memorial  appears  in  the  current  issue  of  the 
Journal. 


Mar..  1883.]  Proceeclinys,  etc.  239 

The  Secretary's  report  included  a  resume  of  mattei-s  of  S(;ientific  in- 
terest, and  an  account  of  the  following  inventions : 

The  Pinkhani  Electric  Gas  Lighting  Co.'s  system  of  "  Lighting  and 
Extinguishing  Gas  by  Electricity." 

This  is  an  attachment  which  may  be  adjusted  to  all  styles  of  gas 
fixtures.  It  is  of  two  forms,  termed  respectively  the  pendant  and 
the  automatic.  The  Leclanch^  battery  is  used  to  supply  the  electric 
current,  and  the  connecting  wire  leading  from  the  battery  to  the  burners 
is  concealed  from  view  beneath  the  shell  and  ornamental  portion  of  the 
fixture.  The  pendant  form  is  provided  with  a  light  metal  chain,  ter- 
minated by  a  ball,  a  single  pull  of  which  turns  on  and  lights  the  gas, 
while  a  second  pull  turns  it  oif  and  extinguishes  it.  By  the  automatic 
form  of  the  device,  the  gas  is  turned  on  and  lighted  or  extinguised 
from  one  or  several  convenient  points,  by  pressing  an  ivory  button. 
By  this  means  the  gas  in  the  hall  of  a  house,  for  example,  may  be 
instantly  lighted  or  extinguished  from  buttons  located  near  the  front 
door,  at  the  head  of  the  stairs,  or  wherever  desired. 

Specimens  were  shown  of  "Terra  Gotta  Lumber,"  made  by  the  Terra 
Gotta  Lumber  Co.,  of  New  York.  This  material  is  used  for  fire  proof 
construction  of  every  description  in  architectural  work,  and  is  said  also 
to  be  well  adapted  f  »r  filters,  underground  electrical  insulation,  steam 
boiler  and  pipe  sheathing,  fire  lighters,  imperishable  ground  sills,  water- 
proof brick,  grain  and  elevator  bins,  refrigerators,  safe  and  vault 
linings,  fireproof  Jackets  for  iron  columns,  furnace  linings,  safety 
warehouses,  etc.  The  material  from  which  it  is  made  is  clay  mixed 
with  resinous  saw-dust.  It  is  prepared  into  various  shapes  by  passing 
through  dies,  allowed  to  dry,  then  baked  at  an  intense  heat  in  a  kiln. 
The  saw-dust  burning  out  leaves  the  burned  pieces  porous.  It  may  be 
planed,  tongued,  grooved,  sawed,  etc.,  into  any  desired  shape. 

The  "Boiler  Setting"  of  the  Rich — Morrison  Perfect  Gonstructiou 
Company  was  also  described  and  illustrated  by  lantern  views.  The 
object  of  the  invention  is  to  effect  a  more  corajilete  combustion  of  car- 
bonaceoas  fuel  and  to  suppre.ss  the  smoke  nuisance.  This  is  sought  to 
be  accomplished  by  the  admission  of  steam  and  air  into  the  fire  space 
in  a  peculiar  manner.  A  special  description  of  this  device  is  in  course 
of  preparation  for  publiciition.  Louis  H.  Spellier's  "  New  Sparkless 
Current  Breaker"  was  illustrated  and  described.  This  device  is  de- 
scribed in  this  number  of  the  Journal. 

B.  Frank  Teal's  "Portable  Sectional  Elevator  and  Projector,"  designed 
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to  provide  an  efficient  means  of  establishing  communication  with  points 
difficult  of  access.  Its  most  important  use  is  as  a  means  of  establish- 
ing communication  with  burning  buildings,  whereby  persons  therein, 
for  whose  rescue  all  other  means  have  failed,  may  be  enabled  to  escape, 
or  the  firemen  to  ascend,  as  the  requirements  of  the  case  may  be. 
A  special  description  of  this  device  is  in  course  of  preparation 
for  publication.  Several  oil  paintings,  in  which  luminous  paint  had 
beeen  employed  to  give  its  well  known  and  characteristic  effects  in 
the  dark,  were  exhibited  on  the  part  of  Messrs.  Ayres  &  Williamson, 
of  Philadelphia. 

At  the  conclusion  of  the  report  a  new  lantern  microscope,  constructed 
by  Mr.  Zentmayer,  from  designs  furnished  by  Mr.  D.  S.  Holman,  was 
presented  to  the  Institute  on  behalf  of  a  number  of  subscribers.  The 
meeting  thereupon  adjourned  to  witness  the  capabilities  of  the  appa- 
ratus, which  embodies  some  new  and  ingenious  features  which  are  be- 
lieved to  make  it  superior,  in  many  respects,  to  other  instruments  of 
the  kind. 

The  President  named  the  following  Standing  Committees  of  the 
Institute  for  1883  : 

On  the  Library. — Chas.  Bullock,  I^ewis  S.  Ware,  Dr.  Isaac  Norris, 
Henry  Pemberton,  Jos.  M.  Wilson,  Fred.  Graff,  Dr.  W.  Lehman  Wells, 
Prof.  Marks,  Coleman  Sellers,  Jr.,  H.  Carvill  Lewis. 

On  Minerals. — Dr.  F.  A.  Genth,  Theo.  D.  Rand,  Clarence  Bement, 
Persifor  Frazer,  Dr.  W.  H.  Wahl,  Prof.  E.  J.  Houston,  Otto  Liithy, 
E.  F.  Moody,  Dr.  G.  A.  Koenig,  H.  Pemberton,  Jr. 

On  Models. — C.  Chabot,  H.  L.  Butler,  Edward  Brown,  M.  L. 
Orum,  J.  Goehring,  L.  L.  Cheney,  J.  J.  Weaver,  S.  Lloyd  Wiegand, 
N.  H.  Edgerton,  Chas.  J.  Shain. 

On  Arts  and  Manufactures. — J.  J.  Weaver,  George  V.  Cresson, 
Hector  Orr,  W.  B.  Le  Van,  Wm.  Helme,  J.  S.  Bancroft,  Alfred  Mel- 
lor,  Cyrus  Chambers,  Jr.,  George  Burnham,  J.  W.  Nystrom. 

On  Meteorology. — Pliny  E.  Chase,  Hector  Orr,  Dr.  Isaac  Norris, 
David  Brooks,  Jas.  A.  Kirkpatrick,  Alex.  Purves,  Dr.  W.  H.  Wahl, 
T.  B.  Maury,  Prof.  M.  B.  Snyder. 

On  Meetings. — Fred  Graff,  Washington,  Jones,  Chas.  H.  Banes,  A. 
E.  Outerbridge,  Jr.,  W.  L.  Dubois,  W.  H.  Thorne,  Cyrus  Chambers, 
Jr.,  J.  J.  Weaver,  Addison  B.  Burk,  Horace  W.  Sellers. 

William  H.  Wahl,  Secretary. 
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PRELIMINARY   REPORT    OF    THE    SPECIAL   COMMIS- 
SION TO  INVESTIGATE  THE  WATER   SUPPLY 
OF   THE  CITY  OF  PHILADf:LPHIA. 


Philadelphia,  October  L^,  1882. 
To  the  Select  and  Coinmou  Councils 

of  the  City  of  Philadelphia. 

Gentlemen: — The  undersigned,  having  been  appoii  ted  by  his 
Honor  the  Mayor,  in  conformity  witli  the  ordinance  approved  June 
7,  1882,  authorizing  him  to  appoint  a  Board  of  Experts,  to  "  report  to 
Councils  the  methods  pursued  in  the  A\'ater  Department,  together  with 
their  recommendations  of  what  should  be  done  for  the  present  and 
future  supply  of  the  City,  with  such  itemized  estimates  as  will  enable 
the  cost  to  be  determined,"  have  the  honor  to  state,  that  they  met  Sep- 
tember 19th,  and  have  been  continuouslv  euffaored  in  examim'no;  and 
studying  the  subject ;  that  the  problem  presented  to  them  is  of  so  large, 
complex,  and  important  a  character,  that  they  are  unable  at  tliis  time 
to  report  upon  the  future  supply ;  but  that  their  examinations  thus  far 
have  revealed  a  condition  of  affairs  in  regard  to  the  present  supj)ly  of 
water  to  the  City,  which  does  not  justify  delay  upon  their  part  in 
jjresenting  this  partial  report  for  the  consideration  of  your  honorable 
bodies. 

They  find  that  in  supplying  the  lower  levcjls  of  the  City  the  existing 
Wifoi,E  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  Ifi 
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machinery  has  been  worked  to  its  utmost  capacity ;  that  at  the  two 
hirgest  steam  works  there  is  no  spare  machinery,  and  in  two  others  the 
whole  supply  depends  upon  one  engine  in  each.  They  also  find  that 
at  the  rate  of  annual  increase  in  largest  consumption  of  the  past  year 
(which  is  about  eleven  (11)  million  gallons  daily)  there  will  not  be 
enough  pumping  power  to  sufficiently  supply,  during  the  driest  seasons 
of  next  year,  an  area  which  contains  two-thirds  of  the  population, 
while  in  1884  there  will  be  a  short  supply  throughout  almost  the  whole 
City. 

Nor  can  an  abundant  flow  of  water  in  the  Schuylkill  be  relied  on  to 
avert  this  catastrophe  next  year  ;  for  not  only  is  such  a  flow,  when  it 
is  most  needed,  unlikely,  but  the  amount  which  could  then  be  furnished 
by  the  Fairmount  wheels  is  to  the  lower  levels  only,  and  would  be 
entirely  inadequate  to  supply  the  deficiency. 

Indeed,  the  time  has  come,  when  it  is  necessary  to  face  the  fact  that 
during  periods  of  least  flow  of  water,  which  are  also  those  of  greatest 
consumption,  the  water  power  at  Fairmount  is  practically  unavailable. 

It  is  also  to  be  noted  that  machinery  is  not  always  in  good  working 
order.  Pumping  engines  and  boilers  must  be  stopped  for  repairs,  and 
accidents  occur  to  engines  and  pumps,  and  from  breakage  of  mains. 
For  these  reasons  it  is  customary  in  other  cities,  where  there  is  abund- 
ant reservoir  capacity,  to  add  at  least  one-third  to  the  pumping  power 
which  is  ordinarily  needed  at  periods  of  the  greatest  consumption. 

Your  Board  regard  the  following  named  machinery  and  appliances 
as  imperatively  needed  for  the  supply  of  water  to  the  City  in  the  sum- 
mer of  1883.  In  their  opinion,  none  of  them  can  be  dispensed  with, 
except  at  the  risk  of  serious  results,  in  the  localities  supplied  by  the 
specified  pumping  stations. 

I.    FOR    SCHUYLKILL    "WORKS. 

Two  (2)  Fifteen  million  gallon  engines  to  pump,  one  against 

150  feet,  one  against  a  higher  head $96,000 

Two  (2)  ranges  of  boilers  and  connections 60,000 

Two  (2)  forcing  mains 30,000 

Completing  48-inch  main  partly  laid 14,000 

Boiler  and  engine  house 40,000 

Foundation  for  same 10,000 


Total $250,000 
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II.  FOR    ROXBOROUGH    WORKS. 

One  (1)  Seven  and  a  half  million  gallon  engine  to  pump 

against  360  feet  head,  with  forcing  main  in  house...,  §50,000 

Removing  old  and  substituting  two  boilers  and  connections..  7,000 

New  inlet,  screen,  and  dredging 3,000 

Total 300,000 

Distributing  main  to  supply  Germantown,  from  Mt.  Airy 

Reservoir  to  Manheim,  on  Green $70,000 

III.  FOR    FRAXKFORD    AVORKS. 

One  (1)  Ten  million  gallon  engine  and  connections,  to  pump 

against  200  feet $45,000 

As  to  the  character  of  the  machinery  to  be  obtained  the  estimates 
given  for  the  engines  refer  to  the  "  Wortliington  Compound  Duplex," 
which  the  Board  consider  to  be  reliable,  comparatively  free  from  lia- 
bility to  serious  accident,  not  expensive  in  first  cost  and  maintenance, 
and  fairly  economical  in  fuel.  To  supply  an  emergency  like  the  pres- 
ent, where  time  for  construction  and  erection  is  extremely  short, 
they  know  of  no  other  type  which,  on  the  whole,  presents  so  many 
advantages. 

In  regard  to  boilers,  they  recommend  and  have  estimated  for  the 
cylindrical,  tubular  at  Roxborough  Works,  like  those  just  bought ;  and 
for  Schuylkill  AVorks  marine  tubular  boilers, which,  although  of  greater 
first  cost,  present  certain  important  advantages  in  preparing  for  an 
emergency,  and  are  at  least  equal  to  the  others  in  the  ecouomy  of  fuel 
and  repairs. 

Your  Board  have  reason  to  believe  that  if  the  above  recommenda- 
tions are  adopted,  and  contracts  for  the  machinery  are  entered  into 
before  December  1st  next,  that  two  of  the  engines  can  be  used  by  June 
1,  1883,  and  the  other  two  by  August  1st  of  the  same  year,  although 
the  time  is  short,  both  for  consideration  of  the  subject,  and  the  execu- 
tion of  the  work. 

Your  Boaid  are  satisfied  of  the  great  importance  of  an  early  comple- 
tion of  the  East  Park  Reservoir,  entire,  with  its  connecting,  ibrcing, 
and  distributing  mains;  and  of  building  a  reservoir  at  Cambria  and 
Thirtieth  streets;  and  of  adding  to  that  at  Mount  Airy.  For  both  of 
the  latter,  land  should  be  acquired  at  once.  All  of  them  are  needed 
now,  and  will  ultimately  form  ])r()j)er  centres  of  distribution,  whatever 
may  be  the  ])ermaneiit  source  of  supply  for  the  City. 
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The  importance  of  reservoirs  is  due  not  only  to  the  necessity  for  sub- 
sidence, but  also  to  guard  against  the  results  of  serious  accidents,  such 
as  the  experience  of  this  and  other  cities  shows  are  liable  to  occur. 

The  appropriations  for  these  reservoirs  are  next  in  importance  to 
those  for  the  machinery,  for  which  estimates  have  been  given. 

P^xpenditures  under  such  appropriations  would  extend  over  a  period 
of  at  least  three  years,  1883  to  1885.  The  following  estimates  of 
probable  cost  are  believed  to  be  sufficiently  accurate  to  be  a  basis  for 
appropriation  : 

I.    EAST  PARK  rvESERVOIR  AND  CONNECTIONS. 

Completing  two  basins  $400,000 

"          the  third  basin  300,000 

Forcing  mains • 126,000 

Distributing  mains 371,200 

Total $], 197,200- 

II.    CA:MBRIA  reservoir  and  CONNECTIf)NS. 

Land,  say  $100,000 

150,000,000  gallon  reservoir 375,000 

Forcing  and  connecting  mains 240,000 

Distributing  main  (one) ■ 105,000 

Total $820,000 

III.    MT.  AIRY  RESERVOIR. 

Land,  say $25,000 

75,000,000  gallon  reservoir 225,000 

Total $250,000 

Of  these  amounts  there  should  be  expended — 

In  1883,  at  East  Park,  finishing  small  basin  and  work  on 

others $372,500 

Cambria,  land  and  work 200,000 

Mount  Airy,  land  and  work 75,000 

Total,  first  year $647,500 
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In  1884,  at  Ea.st  Park,  finishin*^-  second  basin  and  Avork  on 

other,  and  main $340,000 

Cambria,  work  on  basin  and  main 325,000 

Mount  Airy,  work  on  basin J0(),000 

Total,  second  year §765,000 

In  1885,  at  East  Park,  finishing  basins  and  mains ^484,700 

Cambria,  "  "         "        "     295,000 

Mount  Airy,  finishing  basin 75,000 

Total,  third  year $854,700 

In  considering  the  question  of  "present  supply,"  it  should  be  borne 
in  mind  that  at  least  five  years  must  elapse  before  a  gravity  system, 
such  as  contemplated  by  the  Perkiomen  or  Delaware  projects,  could 
be  accomplished.  At  least  one  year  would  be  spent  in  making  surveys, 
plans,  and  detailed  specifications.  Their  discussion  and  adoption  would 
consume  another  year,  at  least;  and  the  construction  of  the  works 
would  take  three  or  four  years  more,  supposing  that  the  funds  for  so 
large  an  undertaking  could  be  provided  in  that  time. 

This  is  a  sufficient  reason  for  providing  for  an  adequate  water  sup- 
ply by  steam  pumping  machinery  and  by  storage  in  reservoirs,  up  to 
1888.  Long  before  that  time,  if  the  present  rate  of  increase  of  demand 
prevails,  the  consumption  of  water  will  become  so  large  as  to  demand 
a  still  further  increase  than  has  been  recommended  in  this  report,  both 
in  pumping  power  and  in  distributing  facilities,  which  are  now  in 
many  localities  far  below  the  demand,  A  consideration  of  these  points 
may,  ho\veyer,  be  safely  lefit  for  the  final  report  of  this  Board. 

Meanwhile  your  attention  is  respectfully  called  to  the  fact  that  com- 
plete surveys  must  be  made,  and  reliable  data  obtained,  of  the  locali- 
ties from  which  and  through  which  a  pure  water  supply  can  be  drawn, 
in  order  to  form  a  correct  judgment  as  to  their  availability.  As  it  is 
essential  that  this  information  be  obtained,  an  appropriation  for  such 
surveys  of  not  less  than  fifteen  thousand  dollars  ($15,000)  is  suggestetl. 

With  regard  to  the  management  of  the  pumping  stations,  your 
Board'would  call  attention  to  the  system  which  is  now,  and  has  been 
since  the  earlier  days  of  the  Department,  the  prevailing  one,  as  being 
radically  wrong. 

At  each  of  these  stations  there  are  now  two  engineers  of  equal 
authority,  who  are  on  duty  alternately  during  the  day  and  the  night. 
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Thus  there  can  be  no  definite  responsibility  or  uniformitv  of  manage- 
ment. 

The  Board  recommend  that  this  organization  be  so  modified  as  to 
place  one  superior  engineer  in  charge  of  each  station.  In  the  two 
larger  stations — Schuylkill  and  Belmont — he  should  not  be  required 
to  take  a  watch,  but  have  two  competent  assistants.  At  the  other 
works  he  might  take  a  watch  and  have  one  assistant.  He  should,  in 
all  cases,  be  responsible  only  to  the  head  of  the  Department,  and 
shonld  maintain  discipline,  receipt  for  supplies,  provide  spares,  super- 
vise repairs  or  any  additional  construction  going  on,  and  direct  the 
proper  use  of  the  machinery.  Such  men  should  be  paid  good  salaries, 
commensurate  with  their  qualifications  and  the  responsibility  placed 
upon  them. 

The  Board  also  consider  that  the  salaries  now  paid  to  engineers, 
corresponding  to  those  of  the  assistants  under  the  proposed  plan,  being 
less  than  those  of  good  mechanics,  in  proportion  to  the  time  they  are 
on  duty,  and  far  below  those  paid  in  other  cities  for  similar  work,  are 
insufficient  to  command  and  keep  the  best  men.  They  believe  that 
the  saving  in  fuel  alone  which  would  result  from  these  changes  would 
more  than  pay  the  extra  amount  required  for  wages,  and  that  greater 
security  would  be  obtained. 

They  also  suggest  that  the  several  pumping  stations  and  reservoirs 
should  be  connected  together  and  with  the  Purveyor's  and  central 
office  by  telephonic  communication,  the  immense  value  of  which  at  all 
times,  and  especially  in  case  of  accidents,  is  obvious. 

The  Board  have  been  deeply  impressed  with  the  vital  necessity  of 
keeping  out  of  the  inlets  to  different  pumping  wells  a  large  and  con- 
stantly increasing  amount  of  offensive  sewage.  They  believe  that  this 
great  evil,  so  far  as  it  proceeds  from  the  sewer  that  empties  into  the 
Schuylkill  river  at  the  east  end  of  Girard  avenue  bridge,  can  be 
abated  at  an  early  day,  and  at  a  cost  small  in  comparison  with  the 
importance  of  the  object. 

This,  nowever,  belongs  to  the  Survey  Department  of  the  City, 
which  has  also  under  consideration  methods  for  keeping  the  sewage  of 
Manayunk  and  the  points  below  it  out  of  the  river  above  Fairmouut 
dam. 

This  is  a  necessity  which  cannot  be  too  soon  provided  for,  consider- 
ing the  importance  of  restoring  the  water  supply  to  its  original  purity,, 
and,  at  the  same  time,  of  protecting  the  great  industries  of  that  section. 
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Appended  to  this  report,  tlie    Board   submit  a  table  showing  the 
pumping  capacity  and  consumption  for  a  series  of  years;  also  a  table 
showing  the  organization  and  wages  paid  in  different  cities. 
Respectfully  submitted. 

E.    S.    ClIESBROUGH, 

J.  Vaughax  Merrick, 
Fred.  Graff. 
Wm.  H.  McFADDEX,  Chief  Eng.  Water  I)ept. 

Table  showing  tlie  available  capacity  of  Works  of  Philadelphia  Water  De- 
partment, in  millions  of  gallons  per  day,  from  1872  to  1883,  at  time  of 
maximum  demand,  the  reserve  engines  at  time  of  accident  or  break 
down  of  machinery,  and  the  probable  deficit  for  1883. 


Si    oj 
^  3 

Deficit. 

Year. 

Steam 
power. 

M.  g.  p.  d. 

"Water 
power. 

M.  g.  p.  d. 

Total.     Demand. 
1 
M.  g.  p.  d.   M.  g.  p.  d. 

"S 
1-1 

If  an  accl- 
d  e  11  t    to 
the  largest 
engine. 

1872 

1 
41        15 

43        15 

56         45 
58        49 

10 
10 
10 
10 

1873 

1874 

43        15        58       50 
43    '    15        58    '    52 

1875 

1876 

47        15 
47       22 

62 

62 
57 
64 
65 
67 
75 

10 

1877 

25 
14 
14 
14 
9 
9 

1878 

60J       20       80h 
59J       7i       67 

59J        7i       67 

1 

74        ^         \        "^ 
74        13i       87J 

1879 

Q 

1880 

6 

1881 
1882 



11 
11 

1883 

74         5        79       100 

9 

21 

32 

Note. — If  the  large  engine  at  Frankford  breaks  down,  there  will  be  a 
short  supply  at  Frankford;  and  if  the  larger  engine  at  Tloxliorougli  or  its 
boilers  break  down,  a  failure  at  CJermantown  will  be  the  result. 

•  Unavailable  on  account  of  want  of  boilers  or  pumping  main. 
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ON   THE  APPLICATION   OF   THE   PRINCIPLE   OF 
VIRTUAL    VELOCITIES    TO    THE    DETER- 
MINATION   OF    THE    DEFLECTION 
AND  STRESSES  OF  FRAMES. 


By  George  F.  Swain,  S.B. 

Instructor  of  Civil  Engineering  in  the  Massachusetts  Institute  of  Technology, 

Boston,  Mass. 


{Concluded  from  page  204.) 

We  may  show  here,  however,  how  the  continuous  girder  may  be 
treated  in  a  rather  different  manner  from  that  explained  in  the  previous 
pages.  We  will  confine  ourselves  to  the  case  represented  in  figure  11  ^ 
the  web  system  being  simple,  in  which  case  the  structure  is  statically 
determined  as  regards  the  inner  forces.  As  regards  the  outer  forces- 
it  is  undetermined,  there  being  n — 1  equations  failing.  But  it  is  clear 
that  if  we  omit  the  chord  pieces  over  each  point  of  support,  as  in  the 
figure,  we  reduce  the  structure  to  n  simple  girders,  and  it  becomes  in 
every  way  statically  determined.  Our  problem  is  thus  reduced  tO' 
finding  the  n  —  1  stresses  *S",  S",  S'",  etc.,  in  the  chord  pieces 
over  the  piers,  and  this  problem  may  be  solved  by  a  method  exactly 
analogous  to  that  pursued  in  treating  trusses  with  superfluous  bars,  for 
in  this  case  the  chord  pieces  referred  to  are  superfluous,  and  by  re- 
moving them  the  system  becomes  statically  determined.  The  only 
difference  in  the  two  cases  is,  that  before  the  system  was  already  stati- 
cally determined  regarding  the  outer  forces,  and  was  made  so  regard- 
ing the  inner  forces  by  removing  the  superfluous  bars ;  while  here, 
the  system  is  already  statically  determined  regarding  the  inner  forces,, 
and  is  made  so  regarding  the  outer  forces  by  removing  those  bars. 
The  method .  of  treatment  is  in  both  cases  precisely  the  same.  We 
have,  if  we  apply  at  A  and  B,  acting  towards  each  other,  and  hence 
representing  tension,  forces  equal  to  unity,  for  the  shortening  of  AB.*^ 

dX^  =  I  u"  Jl, 
m/',  10^",  U3',  etc.,  being  the  stresses  produced  in  the  bars  of  the  (stati- 
cally determined)  system  by  the  forces  unity  in  A  and  B,  and  Jl^,  Al^, 
Al^,  etc.,  being  the  changes  in  length  of  those  bars.     If,  as  before,  the 
stresses  produced  in  the  necessary  bars  by  the  given  applied  loads  be 

*  The  upper  chord  joints  on  each  side  of  R^  should  be  lettered  A  and  B. 
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called  Yj,  Yj,  Yg,  etc.  (which  may  be  found  by  statics  alone),  then  the 
real  stresses  *S^i,  S^,  S^,  etc.,  in  those  bars  are  given  by  the  following 
equations,  as  before : 

S,  =  \\  +  u/S'  +  u,"S"  +,  etc.,  \  .... 

S^  =  Y,  +  u,'S'  +  u.'^S"  +,  etc.,  /  ^'^'^^ 

etc.,  etc. 
Remembering  now  that  a  force  in  A  B  affects  only  the  bars  in  the 
two  adjacent  spans,  and  that  therefore  n'  exists  only  for  the  bars  in 
the  first  and  second  spans,  u"  only  for  those  in  the  second  and  third, 
and  so  on,  we  have 

—  K'  S'    =  I^-ii'  KS) 

—  K"  S"  =  i'2-3  u"  KS  V  (41a) 

—  K"'S"'=I^-'u"'KS\ 

the  numbers  above  the  sign  of  summation  denoting  the  spans  over 
whi3h  the  summation  is  to  extend.  If  we  substitute  now  in  these 
equations  the  values  of  -S',  etc.,  from  equations  (39),  we  have  the  fol- 
lowing, due  regard  being  paid  to  the  above  remark  regarding  the 
spans  considered: 
o  =  K'  S'  +  S''^ u'  KY  +  S'  !''■'  u'^  K  +  .S"'  2'^  u'  u"  K         ^  . 

0  =  K"S"  +  2'^'3  u"  KY  +  S'  I^  u"  u'  K  +  S"  I^-^u"^  K+  \ 

S"'ru"u"'K  \^^^y 

0  =  K'"  S'"  +  i'3-^  u'"  KY  +  S"  I^u'"  u"  K  +  S'"  I'*  \ 
u'"^  K  ^  S'^  lUi'"  u"  K  J 

etc. 

These  equations  are  equal  in  number  to  the  superfluous  bars,  there 
being  one  for  each  pier.  From  them  we  can  obtain  by  elimination  the 
values  of  the  unknown  quantities  *S",  S",  S'",  etc.,  and  the  problem  is 
solved,  the  true  stresses  aS'„  S^,  etc.,  being  found  by  equations  (39).  In 
case  the  arrangement  of  the  bars  is  not  as  represented  in  the  figure,  it 
is  easy  to  see  which  bar  shall  be  considered  superfluous,  and  further 
explanation  is  scarcely  nec&ssaiy.  We  will  only  now  show  how  the 
above  equations,  which  are  very  much  more  general  than  those  derived 
from  the  Theorem  of  Three  Movements,  reduce  to  the  latter  in  a  par- 
ticular case.  Suppose  the  girder  to  have  a  constant  moment  of  inertia, 
and  let  us  neglect  the  influence  of  the  web  members.  Let  each  chord 
have  a  section  F.  Let  the  second  and  third  spans  be  loaded  uniformly 
with  ^2  and  5'3  pounds  per  running  foot.  Let  distances,  in  either  span, 
from  the  second  pier,  be  called  x.  Then  the  number  of  joints  in  each 
chord  is  to  be  considered  infinitely  large,  and  the  length  of  each  chord 
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dx 


EF 


The  values  of  the  different  quantities 


in  the  second  equation  (44)  will  be  found  to  he  as  follows: 

Y  ^  _  ?2  X  (A  —  x) 


2d  Span. 
Upper  chord. 


2/( 


L.2       h  Lj 


I    n"    ^    +  ^ 


L2  ^* 

2/i 


Lower  chord.  J    it'  =  — 


L. 


L2  —  X 


3d  Span. 
Upper  chord. 


Y  =  _  93  a^  (-^3  —  ^) 
2A 

,,  ,     i  .  /<     X,  — a; 


^3  /l 


I 

Lower  chord.  <'   w"   = 


93  ^  (^3 


2A 


ivg     X 


X 


i, - 


L^  —  x 


The  sign  of  summation  in  equation  (44)  becomes  a  sign  of  integra- 
tion, and  the  values  of  the  different  terms  are  as  follows : 


K"  S"  -=  S"  —- 
EF 


(45) 
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J  0   ^  •  V     ij     /  V^i-V  L  '2h  J   —    ~    EFh 


^  (46) 


_   fh  ^i  +  ?3  ^: 


12  .  E-i^/; 


>S'  I"  u"  a'  K  =-1-  S'    \     \       :2  .    ^^2  — ^  .  -^, 

[Jo  L^  El 


^''^-^-^=  +  ^"{/.^-^V^-^  + 


(47) 


(48) 


(49) 


rL,     (X3  -  x)^     ^  1    _  ^    2  ^--^  (4  +  X3) 
J  0    ^  •        Xa^        ■    ^i^  J    ~  +  ?^EF  J 

s'"  - ." .'"  ir=  +  6-'  {  X  2 .  ^^^  '^]  =\ 
4-  -^'"  -^3  f 

Substituting  these  values,  the  second  of"  equations  (44)  becomes 

q,L,'  +  q,Li    .S^.     2  S"  {L,  +  X3)     ^    S-i3 
"      ~        12^FA        +3^i^+  S^-F  "^    3^i^  ^     '^ 

The  moment,  J/g,  at  the  first  pier  is  S'  h;  that  at  the  second  pier 
is  ,1/3  =  ^"  h:    hence  (50)  becomes 

M,  L,  +  2M,  {L,  +  L3)  +  M,  L,  =  i  {q,  Li  +  73  L,')    (51) 

which  is  the  general  form  of  the  theorem  of  three  moments  for  the 
case  of  a  uniform  load. 

The  method  above  given  clearly  solves,  then,  the  difficulty  some- 
times urged  against  the  continuous  girder,  viz. :  that  it  cannot  be 
accurately  calculated,  taking  account  of  a  variable  moment  of  inertia 
and  a  varying  modulus  of  elasticity  in  different  bars.  As  far  as  theo- 
retical treatment  goes,  the  continuous  girder  presents  no  difficulty,  but 
practical ly  the  oiyections  against  it  are  so  strong  as  to  make  it  unde- 
sirable except  in  rare  cases. 
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VIII.  Historical  and  Critical. 

The  original  articles  upon  the  method  which  has  formed  the  subject 
of  the  preceding  pages  are  for  the  most  part  scattered  through  the 
various  scientific  periodicals ;  and  the  writer  cannot  pretend  to  be  able 
to  give  a  complete  account  of  the  history  and  bibliography  of  the  sub- 
ject ;  but  with  the  hope  that  it  may  be  of  some  interest  and  benefit  to 
those  who  are  less  acquainted  with  the  matter  than  himself,  he  ventures 
to  add  to  the  foregoing  account  the  following  brief  notes. 

The  principle  of  virtual  velocities,  and  the  resultmg  principle  that 
the  work  done  by  the  outer  forces,  applied  to  any  structure,  equals  that 
done  by  the  inner  forces,  has  long  been  recognized.  It  follows  at  once, 
too,  from  the  principle  of  the  conservation  of  energy.  Its  application 
to  framed  structures,  however,  is  of  comparatively  recent  date.  The 
first  writer  who  gave  any  such  application,  so  far  as  I  know,  was  Lamg, 
in  his  "  Le9ons  sur  la  Theorie  Mathematique  de  I'Elasticit^  des  Corps 
Bolides,"  published  at  Paris  in  1866.  In  the  seventh  Le9on  of  this  work 
Lame  applies  the  method  to  the  determination  of  deflection,  deducing, 
as  we  have  done  on  a  previous  page,  the  equation 


2  2FE 

P  being  the  force  applied  to  a  given  point  of  a  frame,  J  the  deflection 
of  that  point  in  the  direction  of  P,  s  the  stress  caused  thereby  in  a 
bar  of  length  I  and  section  F.     From  this  follows 

.       t  s  I 
'  =  F-E' 
t  being  the  stress  when  P  =  1.     If  all  the  bars  are  elastic,  the  result- 
ing value  of  J  given  by  Lame  is  substantially  the  same  as  our  equation 
(3).     He  transforms  his  equation  into  another  no  more  convenient  for 

use,  but  puts  —  constant,  which  is  evidently  incorrect,  inasmuch  as  the 
P 

same  loading  will  not  cause  the  maximum  ^stresses  in  all  the  bars.  He 
applies  his  method  to  a  triangular  frame,  like  our  figure  (5).  Lam6 
does  not  seem  to  have  fully  grasped  the  importance  and  generality  of 
the  method,  for  he  limits  his  discussion  to  finding  the  deflection  of  the 
point  where  a  given  load  is  applied,  and  does  not  show  how  the  deflec- 
tion of  any  point  in  any  direction  under  any  loading  may  be  found. 

The  next  author  who  discussed  and  applied  the  method,  so  far  as  I 
know,  was  Maxwell,  who,  in  an  article  "  On  the  Calculation  of  the 
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Equilibrium  aud  Stiffness  of  Frames,"  in  the  "  Philosophical  Maga- 
zine," for  April,  1864,  treated  the  subjects  of  deflection  and  of  frames 
with  superfluous  bars.  He  showed  first  the  conditions  under  which 
frames  are  statically  determined,  deducing  the  equation  n  =  2m —  3  ; 
he  then  demonstrates  a  theorem  which  is  essentially  that  embodied  in 
the  equation  J  =  t .  Jl,  for  any  one  bar ;  he  then  proceeds  to  discuss 
frames  with  superfluous  bars,  and  deduces  equations  which  are  identical 
with  those  which  we  have  given  for  this  case ;  finally,  he  proceeds  to 
find  a  formula  for  the  deflection  of  a  certain  point  of  a  Warren  girder, 
finding  separately  that  due  to  the  web  and  that  due  to  the  chords, 
assuming  in  each  case  the  stress  per  square  inch  to  be  the  [same  in  all 
the  bars.  This  is  of  course  incorrect;  and  in  fact,  it  is  useless  to 
attempt  to  deduce  any  general  formulae  of  this  kind.  Maxwell  dis- 
cussed no  other  applications  of  the  method,  leaving  untouched  the 
important  subject  of  the  arch. 

In  the  article  "Bridges,"  in  the  Encyclopoedia  Britannica,  Professor 
Jenkin  gave  a  short  paragraph  on  the  application  of  the  method  to 
arches  hinged  at  the  springing,  and  deduced  an  equation  for  the  hori- 
zontal thrust  identical  with  our  equation  (4).  He  gave  no  other 
applications. 

To  Professor  Mohr,  of  Dresden,  is  due  the  credit  of  making  the 
method  known  in  Germany,  as  well  as  that  of  making  several  import- 
ant additions.  In  the  "Zeitschrift  des  Architekten-  und  Ingenieur- 
Vereins  zu  Hannover,"  for  1874  and  1875,  will  be  found  an  article 
by  him  entitled  "Beitrag  zur  Theorie  des  Fachwerks,"  in  which  he 
first  discusses  geometrically  the  condition  under  which  frames  are 
statically  determined,  treats  the  subject  of  deflection  about  as  we  have 
treated  it,  but  adding  nothing  new  to  what  previous  writers  had  given, 
treats  frames  with  superfluous  bars,  applying  his  results  to  several 
examples,  and  finally  proceeds  to  treat  the  continuous  girder.  He 
gives  the  method  which  we  have  explained  last  (Fig.  11),  and  shows, 
as  we  have  done,  the  agreement  of  the  resulting  fornuihe  with  those 
obtained  from  the  application  of  the  Theorem  of  Three  Moments.  He 
states  that,  judging  from  several  calculated  examples,  the  assumption 
usually  made,  that  the  moment  of  inertia  of  the  section  of  the  girder 
is  constant,  is  allowable.  He  calls  attention  to  the  difficulty  attending 
the  use  of  the  method,  viz.,  the  tedious  arithmetical  calculations 
involved,  and 'finally  treats  the  whole  subject  graphically,  develoj)ing  a 
beautiful  graphical  method  for  finding  the  deflection  of  any  j)oint  of 
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a  girder,  and  giving  a  method  of  finding  the  stresses  in  the  continuou& 
girder  by  a  process  wliich  consists  in  adding  the  ordiuates  of  a  polygon 
which  he  shows  how  to  construct.  Mohr  calculates  an  example  by 
this  graphical  method. 

The  arch  with  hinges  at  the  springing  was  treated  by  Mohr  in  an 
article  "  Beitrag  zur  Theorie  des  Bogenfachwerktrager,"  in  the  same 
periodical,  for  1874. 

The  next  author  to  treat  this  method  was  Professor  Winkler,  of 
Berlin,  in  an  article  "  Beitrag  zur  Theorie  der  Bogentrjiger,"  in  the 
"  Zeitschrift  des  Architekten-  und  Ingenieur-Vereins  zu  Hannover," 
for  1879,  Winkler  deduced  our  equation  (4)  for  an  arch  hinged  at 
springing,  gave  many  other  details  connected  Math  the  calculation  of 
such  an  arch,  treated  briefly  the  arch  hinged  at  the  crown,  and  also 
gave  a  treatment  of  the  arch  without  hinges,  which  we  have  followed 
in  the  previons  pages.  In  his  b(wk  entitled  "Innere  Krjifte  gerader 
TrJiger,"  AVinkler  discusses  frames  with  superfluous  bars,  according  to 
"Mohr's  method,"  as  he  names  it,  though  it  really  is  Maxwell's.  In 
fact,  the  matter  seems  to  be  generally  attributed  in  Germany  to  Dr. 
Alohr,  Maxwell's  contributions  being  never  referred  to. 

The  only  reference  to  the  method  in  American  literature,  so  far  as  I 
know,  is  in  Professor  Greene's  book  on  Arches,  chapter  12,  where  a 
method  is  given  which,  it  is  stated,  is  to  be  found  in  "The  Engineer,'* 
for  Feb.  10,  1873,  and  also  in  the  Encyclopsedia  Britannica — article 
'*  Bridges."  The  first  reference,  however,  is  incorrect.  Professor 
Greene's  method,  although  amounting  to  the  same  as  that  given  in 
Jenkin's  article  already  referred  to,  is  not  exactly  the  same  in  princi- 
ple; it  is  founded,  not  on  the  principle  of  virtual  velocities,  or  of  work, 
but  on  that  of  the  instantaneous  axis.  The  formula  for  i?,  however, 
is  essentially  identical  with  our  equation  (4).  The  detailed  treatment 
of  the  arch  by  the  same  method,  founded  on  the  principle  of  the  instan- 
taneous axis,  was  given  by  Professor  Frankel,  of  Dresden,  in  "  Der 
Civilingenieur,"  for  1875,*  where  the  reference  is  made  to  the  first 
theory  of  the  framed  arch  hinged  at  springing,  in  which  the  change  of 
length  of  each  bar  is  taken  into  account,  given  by  G.  F.  Schultze, 
in  the  "  Zeitschrift  des  Vereins  deutscher  Ingenieure,"  for  1865,  page 
5.'>6.     In   this  article   the  change  of  span   is   found    by  geometrical 


*"Anvvendung  der  Theorie  des  augenblicklichen  Drehpunktes  auf  Bog- 
t'litrager.    Tlu'f)rie  des  Bogenfachwerks  mit  /.wei  Gelenken." 
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methods,  and  the  method  used  is  complicated  compared  with  that  ex- 
plained above. 

Various  other  writers  could  be  named  who  have  Avritten  on  this 
subject,  but  none  wlio  have  added  any  new  points,  except  in  the  details 
of  application  to  particular  cases. 

Tiie  method  which  has  been  explained,  suppo.ses  for  its  application 
the  sections  of  all  the  bars  of  the  frame  to  be  given.  In  calculating  a 
frame,  these  sections  are  what  we  wish  to  determine.  Tlic  method  given 
does  not,  therefore,  dis])ense  with  a  preliminary  approximate  calcula- 
tion, according  to  the  usual  method,  or  others  which  may  be  deemed 
suflBciently  accurate.  It  simply  affords  an  exact  solution  of  the  pro- 
blem, while  the  results  given  by  the  ordinary  methods  are  more  or  less 
incorrect.  In  an}'  case,  the  approximate  sections  must  first  be  calculated. 
This  may  be  easily  done,  in  some  cases,  by  assuming  a  hinge  at  some 
particular  point;  thus  in  the  case  of  an  arch  with  straight  upper  chord, 
curved  lower  chord,  hinged  at  the  abutments,  and  with  a  small  depth 
at  the  crown,  a  hinge  jnay  be  assumed  at  the  latter  point,  and  the 
stresses  calculated  approximately  without  resort  to  elastic  conditions. 
In  the  case  of  the  arch  without  hinges  and  with  parallel  chords,  the 
usual  method  of  computation,  assuming  a  constant  cross-section  and 
neglecting  the  eifect  of  the  web  on  deflection,  may  be  used  as  a  first 
approximation ;  then  the  method  which  we  have  ex])lained  may  be 
applied  as  many  times  as  necessary,  but  usually  one  application  will 
be  sufficient  to  obtain  the  requisite  accuracy. 

At  the  commencement  of  this  article  we  distinguished  the  elastic 
deflection  from  the  non-elastic  deflection.  Thus  far  we  have  only  con- 
sidered the  former.  The  question  now  arises,  does  tlie  latter,  which 
cannot  be  calculated,  affect  the  accuracy  of  the  method  we  have  dis- 
cussed ?  Unfortunately  it  does,  for  the  equation  (2)  gives  the  deflection 
of  any  point  due  to  a  change  of  length  Jl  of  one  bar,  due  to  anv  cause 
whatever.  If  the  change  of  length  is  non-elastic  and  due  to  imperfect 
fitting,  the  deflection  is  non-elastic,  but  is  none  the  less  present.  In  ' 
the  case  of  an  arch,  if  any  bar  in  the  top  chord  (Fig.  7)  becomes  shorter 
on  account  of  inj2)erl'cct  fit,  the  span  is  e\'idently  increased  and  a  hori- 
zontal thrast  must  exist,  due  to  that  cause  alone,  if  the  span  is  to  be  kept 
constant.  If  a  frame  is  statically  determined,  both  as  regards  the  outer 
and  inner  forces,  the  non-elastic  deflection  is  without  effect  on  thestres.ses  • 
for  a  consideration  of  deflection  does  not  enter  into  their  dcternu'nation. 
Among  non-ela.stic  deflections  we  may  include  changes  of  lentrth  due 
WfioLE  No.  Vol.  CXV. — (Third  Series,  Vol.  Ixxxv.)  17 
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to  changes  of  temperature,  and  to  settling  of  the  piers  or  abutments. 
If  the  non-elastic  deflections  are  known,  their  effect  may  be  calculated. 
The  non-elastic  deflections  due  to  imperfect  fitting  of  the  parts,  and  to 
settling  of  piers  and  abutments  can  never  be  exactly  known ;  that  due 
to  temperature  maybe  allowed  for  as  follows:  Take  first  the  case  of  the 
areh  hinged  at  springing ;  if  the  temperature  rises  or  falls  by  d  degrees, 
and  the  coeflicient  of  expansion  of  the  structure  is  a,  then  the  change 
of  span  under  vertical  reactions  would  he  ±  -L  a  6.  The  horizontal 
thrust  necessary  to  counterbalance  this  change  of  span  is  given  by  the 
equation. 

-+-  L  a  fi  =  H  y  L^L  ,  or 

^  ~  -  —fT  (52) 

~  FE 
t  being  the  stress  produced  in  a  bar  by  a  forc(!  unity  acting  either  out- 
wards or  inwards  at  the  springing.  The  value  of  H  calculated  by 
equation  (4)  is  liable  to  be  increased  or  diminished  by  the  value  in 
equation  (52),  if  6  is  the  change  of  temperature  above  or  below  a  mean 
temperature,  at  which  there  is  no  stress  due  to  this  cause.  As  the 
value  of  6  may  be  50  or  60  degrees,  this  change  may  become  consid- 
ei^able.  Other  cases  may  be  treated  similarly,  but  it  will  be  better  to 
take  into  consideration  the  change  of  length  6  a  I  of  each  bar.  Thus 
equation  (52)  might  be  written 

Tj-  -   tld  a  a  —    t  I  /r-ct     \ 

i7  =  -t- =  -^  da (52a) 

¥~E  F^ 

Similarly  in  any  other  case  we  have  only  to  find  the  stresses  due  to 
cimnges  of  length  0  a  I  of  the  bars. 

The  fact  that  statically  undetermined  systems  cannot  be  exactly  cal- 
culated, and  are  liable  to  have  their  calculated  stres.ses  changed  by  an 
uncertain  amount  on  account  of  non-elastic  deflections,  constitutes  the 
principal  objection  that  can  be  urged  against  them.  Difficulty  of  cal- 
culation would  have  little  weight,  if  a  saving  of  material  were  to  be 
effected  by  their  use;  but  the  uncertainty  attending  them  renders 
necessary  a  larger  factor  of  safety  and  more  carefully  constructed  piers 
and  abutments,  while  the  true  state  of  stress  can  never  be  exactly 
known.  The  disfavor  into  wliich  continuous  girders  have  fallen  in 
almost  all  countries  except  France  i.s,  therefore,  no  doubt  justified;  and 
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of  the  various  forms  of  the  areh,  that  with  three  hinges  is  to  be  pre- 
ferred. If  there  is  one  element  which  a  structure  should  possess,  it  is 
certainty  in  regard  to  the  forces  which  arc  exerted  in  it.  No  refined 
calculations  as  to  saving  of  material  can  be  weighed  in  the  balance 
against  indeterminate  stresses.  In  a  few  cases  it  can  be  shown  that  the 
uncertainty  is  small — that  the  limits  of  error  are  narrow ;  in  these 
cases  practical  considerations  may  point  to  the  adoj>tion  of  a  statically 
undetermined  system.  While  the  writer,  therefore,  is  no  advocate  of 
the  indiscriminate  use  of  the  statically  undetermined  systems — of  the 
continuous  girder,  and  of  arches  with  fewer  than  three  hinges — he 
nevertheless  hopes  in  these  pages  to  have  brought  to  the  attention  of 
some  who  may  have  been  unacquainted  with  them,  some  methods  and 
considerations  which  are  as  beautiful  as  they  are  valuable  and  inte- 
resting. 

Errata — Page  112,  1st  line  from  bottom,  for  H^  Lf  V2  read  JI.^  =/  V „ 

Z  z 

Page  115,  ISth  line  from  top,  for  r^  read  -r.     Page  196,  13th  line  from  toj:),  for 

h    SI  V    SI 

v    L read  n' Page  198,  4tli  line  troni  bottom,  tor  x  read  d. 

-r      pE  -^     FE 

Page  201,  7th  line  from  top,  for  R^^  read  —  R  ^^.  Page  204,  (jth  line  from 
top,  for  M^'^  read  u^'^. 


Observations  of  the  Solar  Spectrum. — One  of  the  objects  of 
Langley's  expedition  to  Mount  Whitney,  in  1881,  was  to  obtain  a  new- 
determination  of  the  solar  constant,  or  the  quantity  of  heat  sent  to  the 
earth,  and  to  ascertain  incidentally  the  laws  of  the  absorption  of  solar 
rays  by  the  atmosphere.  Pouillet's  classical  value  is  about  V7  calories. 
Later  determinations  tend  to  increase  this  value;  those  of  Soret,  Crova, 
and  Violle  indicate  from  2*2  to  2*5  calories.  On  account  of  the  great 
number  of  observations  and  the  long  calculations  which  they  require, 
Langley  has  not  yet  given  a  final  estimate,  but  he  finds  that  it  will  be 
about  three  calories ;  in  other  words,  were  it  not  for  our  atmosphere, 
the  solar  rays  would  heat  one  gramme  of  water  three  degrees  C  |)er 
minute,  for  each  square  centimetre  of  the  earth's  surface  wliich  wa.«? 
normally  exposed  to  it.  His  observations  show  that  only  a  foiu'th  of 
the  energy  which  vivifies  the  world  is  found  in  the  visible  and  ultra 
violet  portions  of  the  spectrum.  •  On  eliminating  the  effects  of  atmos- 
pheric absorption,  he  infers  that  the  absolute  color  of  the  photosphere 
is  l)luc. — Comptes  Rendus,  xcv,  482.  C. 
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THE  ATTITUDES  OF  ANIMALS  IN  MOTION. 


By  Eadweard  Muybridge,  of  San  Francisco. 

[A  lecture  delivered   before  the  Franklin  Institute,  February  13tli,  1883.] 


The  problem  of  animal  mechanism  has  engaged  the  attention  of 
mankind  during  the  entire  period  of  the  world's  history. 

Job  describes  the  action  of  the  horse ;  Homer,  that  of  the  ox ;  it 
engaged  the  profound  attention  of  Aristotle,  and  Borelli  devoted  a  life- 
time to  its  attempted  solution.  In  every  age  and  in  every  country, 
philosophers  have  found  it  a  subject  of  exhaustless  research.  Marey, 
the  eminent  French  savant  of  our  own  day,  dissatisfied  with  the  inves- 
tigations of  his  predecessors,  and  with  the  object  of  obtaining  more 
accurate  information  than  their  works  afforded  him,  employed  a  system 
of  flexible  tubes,  connected  at  one  end  with  elastic  air-chambers,  which 
were  attached  to  the  shoes  of  a  horse ;  and  at  the  other  end  with  some 
mechanism,  held  in  the  hand  of  the  animal's  rider.  The  alternate 
compression  and  expansion  of  the  air  in  the  chambers  caused  pencils  to 
record  upon  a  revolving  cylinder  the  successive  or  simultaneous  action 
of  each  foot,  as  it  correspondingly  rested  upon  or  was  raised  from  the 
ground.  By  this  original  and  ingenious  method,  much  interesting  and 
valuable  information  was  obtained,  and  new  light  thrown  upon  move- 
ments until  then  but  imperfectly  understood. 

While  the  philosopher  was  exhausting  his  endeavors  to  expound  the 
laws  that  control  and  the  elements  that  effect  the  movements  associated 
with  animal  life,  the  artist,  with  a  few  exceptions,  seems  to  have  been 
content  with  the  observations  of  his  earliest  predecessors  in  design,  and 
to  have  accepted  as  authentic  without  further  inquiry,  the  pictorial  and 
.sculptural  representations  of  moving  animals  bequeathed  from  the  re- 
mote ages  of  tradition. 

When  the  body  of  an  animal  is  being  carried  forAvard  with  uniform 
motion,  the  limbs  in  their  relations  to  it  have  alternately  a  progressive. 
and  a  retrogressive  action,  their  various  portions  accelerating  in  com- 
parative speed  and  repose  as  they  extend  downwards  to  the  feet,  which 
are  snbject'-d  to  successive  changes  from  a  condition  of  absolute  rest, 
to  a  varying  increased  velocity  in  comparison  with  that  of  the  body. 

The  action  of  no  single  limb  can  be  availed  of  for  artistic  purposes 
without  a  knowledge  of  the  synchronous  action  of  the  other  limbs  ; 
and  to  the  extreme  difficulty,  almost  impossibility,  of  the  mind  being 
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capable  of  appreciating  the  simultaneous  motion  of  the  four  limbs  of 
an  animal,  even  in  the  slower  movements,  may  be  attributed  the  in- 
numerable errors  into  which  investigators  by  observation  have  been 
betrayed.  When  these  synchronous  movements  and  the  successive  at- 
titudes they  occasion  are  understood,  Me  at  once  see  the  simplicity  of 
animal  locomotion,  in  all  its  various  types  and  alternations.  The  walk 
of  a  quadruped  being  its  slowest  progressive  movement  would  seem  to 
be  a  very  simple  action,  easy  of  observation  and  presenting  but  little 
difficulty  for  analysis,  yet  it  has  occasioned  interminable  controversies 
among  the  closest  and  most  experienced  observers. 

When,  during  a  gallop,  the  fore  and  hind  legs  are  severally  and 
consecutively  thrust  forwards  and  backwards  to  their  fullest  extent, 
their  comparative  inaction  may  create  in  the  mind  of  the  careless  ob- 
server an  impression  of  indistinct  outlines ;  these  successive  appear- 
ances were  probably  combined  by  the  earliest  sculptors  and  painters, 
and  with  grotesque  exaggeration  adopted  as  the  solitary  position  to  il- 
lustrate great  speed.  Or,  as  is  very  likely,  excessive  projection  of  limb 
was  intended  to  symbolize  speed,  just  as  excess  in  size  was  an  indication 
of  rank.  This  oj)inion  is  to  some  extent  corroborated  by  the  produc- 
tions of  the  Grecian  artists  in  their  best  period,  when  their  heroes  are 
represented  of  the  same  size  as  other  men,  and  their  horses  in  attitudes 
more  nearly  resembling  tliose  possible  for  them  to  assume.  The  re- 
markable conventional  attitude  of  the  Egyptians,  however,  has,  with 
few  modifications,  been  used  by  artists  of  nearly  every  age  to  represent 
the  action  of  galloping,  and  prevails  without  recognized  correction  in 
all  civilized  countries  at  the  present  day. 

The  ambition  and  perhaps  also  the  province  of  art  in  its  most  exalted 
sense,  is  to  he  a  delineator  of  impressions,  a  creator  of  effects,  rather 
than  a  recorder  of  facts.  Whether  in  the  illustrations  of  the  attitudes 
of  animals  in  motion  the  artist  is  justified  in  sacrificing  truth,  for  an 
impression  so  vague  as  to  be  dispelled  by  the  first  studied  observation, 
is  a  question  perhaps  as  much  a  subject  of  controversy  now  as  it  was 
in  the  time  of  Lvsippus,  who  ridiculed  other  sculptors  for  making  men 
as  they  existed  in  nature;  boasting  that  he  himself  made  them  as  they 
ought  to  be. 

A  few  eminent  artists,  notable  among  whom  is  Meissonier,  have 
endeavored  in  (k'})icting  the  slower  movements  of  animals  to  invoke 
the  aid  of  truth  instead  of  imagination  to  direct  their  pencil,  l)ut  with 
little  encouragement  from  their  critics;  until  recently,  however,  artists 
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and  critics  alike  have  necessarily  had  to  depend  upon  their  observation 
alone  to  justify  their  conceptions  or  to  support  their  theories. 

Photography,  at  first  regarded  as  a  curiosity  of  science,  was  soon 
recognized  as  a  most  important  factor  in  the  search  for  truth,  and  its 
more  popular  use  is  now  entirely  subordinated  by  its  value  to  the  as- 
tronomer, the  anatomist,  the  pathologist,  and  other  investigatoi's  of  the 
complex  problems  of  nature.  The  artist,  however,  still  hesitates  to 
avail  himself  of  the  resources  of  what  may  be  at  least  acknowledged 
as  a  liandmaiden  of  art,  if  not  admitted  to  its  most  exalted  ranks. 

Having  devoted  much  attention  in  California  to  experiments  in  in- 
stantaneous photography,  I,  in  1872,  at  the  .suggestion  of  the  editor  of 
a  San  Francisco  newspaper,  obtained  a  few  photographic  impressions 
of  a  horse  during  a  fast  trot. 
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FIG. 3. 


At  this  time  much  controversy  prevailed  among  experienced  horse- 
men as  to  whether  all  the  feet  of  a  horse  while  trotting  were  entu-ely 
clear  of  the  ground  at  the  same  in.stant  of  time.  A  few  experiments 
made  in  tliat  year  proved  a  fact  which  should  have  been  self-evident. 

Being  mucli  interested  with  the  experiments  of  Professor  Marey,  in 
1877,  I  invented  a  method  for  the  employment  of  a  number  of  pho- 
tographic cameras,  arranged  in  a  line  parallel  to  a  track  over  which 
the  animal  would  be  caused  to  move,  with  the  object  of  obtaining,  at 
regulated  intervals  of  time  or  distance,  several  consecutive  impressions 
of  him  during  a  single  complete  stride  as  he  passed  along  in  front  of 
the  cameras,  and  so  of  more  completely  investigating  the  successive  at- 
titudes of  aniu)als  while  in  motion  than  could  be  accomplished  by  the 
system  of  M.  Marey. 

I  explained  the  plan  of  my  intended  exi)eriments  to  a  wealthy  res- 
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ident  of  Sau  Francisco — Mr.  Stanford — who  liberally  agreed  to  place 
the  resources  of  his  stock-breeding  farm  at  my  disposal,  and  to  reim- 
burse the  expenses  of  my  investigations,  upon  condition  of  my  supply- 
ing him,  for  his  private  use,  with  a  few  copies  of  the  contemplated 
results.  The  apparatus  used  and  its  arrangement  will  be  better  under- 
stood by  a  reference  to  the  accompanying  drawings. 

Fig.  1.  A  photographing  lens,  and  camera  containing  a  sensitised 
plate ;  and  side  view  of  electro-exposor  placed  in  front  of  camera. 

Fig.  2.  Back  view  of  electro-exposor.  Two  shutters  P  P,  each  com- 
prising two  panels,  with  an  opening  O  between  them,  are  adjusted  to 
move  freely  up  and  down  in  a  frame ;  they  are  here  arranged  ready 
for  an  exposure,  and  are  held  in  position  by  a  latch  L  and  trigger  T, 
all  liw-ht  being-  excluded  from  the  lens.  A  slight  extra  tension  of  the 
thread  B,  Fig.  4,  will  cause  a  contact  of  the  metal  springs  M  S,  and 


Fig.  5. 
complete  a  circuit  of  electricity  through  the  wires  W  Wand  the  electro- 
magnet M ;  the  consequent  attraction  causes  the  armature  A  to  strike 
the  trigger,  the  latch  is  released,  the  shutters  are  drawn  respectively 
upwards  and  downwards  by  means  of  the  rubber  springsSS,  and  light 
is  admitted  to  the  sensitised  plate  while  the  openings  in  the  shutters 
are  passing  each  other  in  front  of  the  lens. 

Fig.  3.  Front  view  of  electro-exposor  after  exposure  of  the  plate. 

Fig.  5.  General  view  of  studio,  operating  track,  and  background. 
In  the  studio  are  arranged  24  ph()tograj)hing  cameras;  at  a  distance  of 
1 2  inches  from  the  centre  of  each  lens  an  electro-exposor  is  securely  fixed 
in  front  of  each  camera.  Threads  12  inches  apart  are  stretched  across 
the  track  (only  two  of  whicli  an;  introduced  in  the  engraving),  at  a 
suitable  height  to  strike  the  breast  of  the  animal  experimented  with, 
one  end  of  the  thread  being  fastened  to  the  background,  the  otiier  to 
the  spring,  Fig.  4,  which  is  drawn  almost  to  tlie  jjoint  of  contact. 
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The  animal  in  its  progress  over  the  track  will  strike  these  threads 
in  suoceseion,  and  as  each  pair  of  strings  is  brought  into  contact,  the 
current  of  electricity  thereby  created  effects  a  photographic  exposure, 
as  described  by  Figs.  2  and  4 ;  and  each  consecutive  exposure  records 
the  position  of  the  animal  at  the  instant  the  thread  is  struck  and 
broken. 

For  obtaining  successive  exposures  of  horses  driven  in  vehicles,  one 
of  the  wheels  is  steered  in  a  channel  over  wires  slightly  elevated  from 
the  ground;  the  depression  of  each  wire  completes  an  electric  circuit, 
and  effects  the  exposures  in  the  same  manner  as  the  threads. 

Fig.  6.  Operating  track,  covered  with  corrugated  India  rubber,  and 
marked  with  transverse  lines  12  inches  apart.  Each  line  is  numbered, 
for  the  purpose  of  more  readily  ascertaining  the  length  of  the  animal's 


Fiff.  6. 


stride.  On  one  side  of  the  track,  and  opposite  to  the  battery  of  cam- 
eras, a  W'hite  background  is  erected  at  a  suitable  angle. 

The  camera  in  which  any  one  negative  in  a  series  of  exposures  is 
made  is  designated  on  that  negative  by  the  parallel  direction  of  the 
vertical  stake  with  the  horizontal  line  extending  to  the  corresponding 
number  immediately  opposite.  The  discriminating  number  of  each 
series  is  marked  on  each  negative  by  the  large  numbers — 229,  for 
example — which  are  changed  for  each   movement  illustrated. 

For  recording  the  successive  attitudes  of  animals  not  under  control,. 
an  apparatus  is  used,  comprising  a  cylinder,  around  which  are  spirally 
arranged  a  number  of  pins ;  upon  the  cylinder  being  set  in  motion 
through  gearing  connected  with  a  spring  or  weight,  these  pins  are  con- 
secutively brought  into  contact  with  a  corresponding  number  of  metal 
springs;  a  succession  of  electric  currents  is  thereby  created  which  act 
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through  their  respective  magnets  attached  to  the  electro-exposors  at 
regulated  intervals  of  tini^.  The  cylinder  is  put  in  motion  either  by 
bringing  it  into  gearing  with  other  parts  of  the  apparatus  already  in 
motion  ;  or  by  releasing  a  break  with  the  hand,  or  by  the  action  of 
some  object  at  a  distance  by  means  of  an  electric  current. 

This  apparatus  is  principally  used  for  illustrating  the  flight  of  birds, 
the  motions  of  small  animals,  and  changes  of  position  without  contin- 
uous progressive  motion,  such  as  occur  during  wrestling  or  turning  a 
somersault ;  \vhen  the  cameras  are  directed  towards  the  place  where  the 
movements  are  being  executed. 

The  boxes  outside  the  studio  (Fig.  5)  contain  cameras  and  electro- 
exposors  for  obtaining  synchronous  exposures  of  a  moving  object  from 
different  points  of  view. 

The  following  analyses  of  some  of  the  movements  investigated  by  the 
aid  of  electro-photographic  exposures,  are  rendered  more  perfectly 
intelligible  by  the  reproductions  of  the  actual  motions  projected  on  the 
screen  thrcugh  the  zoiipraxiscope. 

THE    WALK. 

Selecting  the  horse  for  the  purposes  of  illustration,  we  find  that  during 
his  slowest  progressive  movement — the  walk — lie  has  always  two,  and, 
for  a  varying  period,  three  feet  on  the  ground  at  once.  With  a  fast- 
walking  horse  the  time  of  support  upon  three  feet  is  excee<lingly  brief; 
while  during  a  very  slow  walk  all  four  feet  are  occasionally  on  the 
ground  at  the  same  instant. 

The  successive  order  of  what  may  be  termed  foot  fallings  are  these. 
Commencing  with  the  landing  of  the  left  hind  foot,  the  next  to  strike 
the  ground  will  be  the  left  fore  foot,  followed  in  order  by  the  right  hind 
and  right  fore  foot.  So  far  as  the  camera  has  revealal,  these  successive 
foot  fallings  during  the  walk  are  invariable,  and  are  probably  common 
to  all  quadrupeds.  But  the  time  during  w^hich  each  foot,  in  its  rela- 
tion to  the  other  feet,  remains  on  the  ground,  varies  greatly  with 
different  species  of  animals,  and  even  with  the  same  animal  under 
different  conditions.  During  an  ordinary  walk,  at  the  instant  preceding 
the  striking  of  the  left  hind  foot,  the  body  is  supported  on  the  right 
laterals,  and  the  left  fore  foot  is  in  act  of  passing  to  the  front  of  the  right 
fore  foot.  The  two  hind  feet  and  the  right  fore  foot  immediately  divide 
the  weight.  The  right  hind  foot  is  now  raised,  and  the  left  hind  with 
its  diagonal  fore  foot  sustains  the  body;  the  left  fore  next  touches  the 
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ground,  and  for  an  instant  the  animal  is  again  on  three  feet ;  the  right 
fore  foot  is  immediately  raised  and  again  the  support  is  derived  from 
laterals — the  left  instead  of  as  before  the  right.  One-half  of  the  stride 
is  now  completed,  and  a  similar  series  of  alternations,  substituting  the 
right  feet  for  the  left,  completes  the  other  half.  These  movements  will 
perhaps  be  more  readily  understood  by  a  reference  to  the  longitudinal 
elevation,  Fig.  7,  No.  1,  which  illustrates  some  approximate  relative 
I)Ositions  of  the  feet  of  a  rapid  walking  horse,  with  a  stride  of  5  feet  1) 
inches.  The  positions  of  the  feet  indicated  in  this,  and  also  in  tlie  other 
strides  illustrated  in  Fig.  7,  are  copied  from  photographs,  aud  from 
ihem  we  learn  that  during  an  ordinary  walk  the  consecutive  supporting 
feet  are — 

1.  The  left  hind  and  left  fore — laterals. 

2.  Both  hind,  and  left  fore. 

3.  Right  hind  and  left  fore — diagonals. 

4.  Riglit  hind  and  both  fore. 

5.  Right  hind  and  right  fore — laterals. 
().  Both  hind,  and  right  fore. 

7.  I^eft  hind  and  right  fore — diagonals. 

8.  Left  hind  aud  both  fore. 

Commencing  again  with  the  first  position ;  it  is  tlms  seen  that  when 
a  horse  during  a  walk  is  on  two  feet,  and  the  other  two  feet  are  sus- 
pended between  the  supporting  legs,  the  suspended  feet  are  laterals. 
On  the  other  hand,  when  the  suspended  feet  are  severally  in  advance 
of  and  behind  the  supj)orting  legs,  they  are  diagonals. 

These  invariable  rules  seem  to  be  neglected  or  entirely  ignored  by 
many  of  the  most  eminent  animal  painters  of  modern  times. 

THE    TEOT. 

By  .some  observers  the  perfect  trot  is  described  as  an  absolutely  syn- 
chronous movensent  of  the  diagonal  feet.  This  simultaneous  action 
may  be  considered  desirable,  but  it  probably  never  occurs. 

Sometimes  tlie  fore  foot  will  l)e  raised  before  the  diagonal  hind  foot, 
sometimes  afterAvards;  but  in  either  instance,  the  foot  raised  first  will 
strike  the  ground  first ;  repeated  experiments  with  many  racing  and 
other  trotting  horses  confirmed  this  want  of  simaltaneity.  Selecting 
for  an  example  of  the  trot  a  horse  making  a  stride  of  18  feet  in  length, 
we  find  that  at  the  instant  his  right  fore  foot  strikes  the  ground,  the 
Jeft  hind  foot  is  a  few  inches  behind  the  point  where  it  will  presently 
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strike  at  about  38  or  40  inches  to  the  rear  of  the  fore  foot.  When 
both  feet  have  reached  the  ground,  the  right  hind  leg  is  stretched  back 
almost  to  its  fullest  extent,  with  the  pastern  nearly  horizontal,  while 
the  left  fore  leg  is  flexed  under  the  body.  As  the  legs  approach  a  ver- 
tical position  the  pasterns  are  gradually  lowered,  and  act  as  springs  to 
break  the  force  of  the  concussion  until  they  are  bent  nearly  at  right 
angles  with  the  legs. 

At  this  period  the  left  fore  foot  is  raised  to  its  greatest  height,  and 
will  frequently  strike  the  elbow,  while  the  right  hind  foot  is  but  little 
raised  from  the  ground  and  is  about  to  pass  to  the  front  of  the  left 
hind. 

The  pasterns  gradually  rise  as  the  legs  decline  backwards  until  the 
right  fore  foot  has  left  the  ground  and  the  last  propelling  force  is  being 
exercised  by  the  left  hind  foot ;  which  accomplished,  the  animal  is  in 
mid  air. 

The  right  hind  foot  continues  its  onward  motion  until  it  is  some- 
times much  in  advance  of  its  lateral  fore  foot,  the  former,  however, 
being  gradually  lowered,  while  the  latter  is  being  raised.  The  right 
hind  and  both  fore  legs  are  now  much  flexed,  while  the  left  hind  is 
stretched  backward  to  its  greatest  extent  with  the  bottom  of  the  foot 
turned  upwards,  the  left  fore  leg  is  being  thrust  forwards  and  gradu- 
ally straightened,  with  the  toe  raised  as  the  foot  approaches  the  ground; 
which  acconjplished,  with  a  substitution  of  the  left  limbs  for  the  right 
we  find  them  in  the  same  relative  positions  as  when  we  commenced  our 
examination,  and  one-half  of  the  stride  is  completed. 

With  slight  and  immaterial  differences,  such  as  might  be  caused  by 
irregularities  of  the  ground,  these  movements  are  repeated  by  the  other 
pair  of  diagonals,  and  the  entire  stride  is  then  complete. 

Line  4  illustrates  a  stride  of  18  feet  3  inches,  and  the  order  of  sup- 
porting feet  are  : — 

1.  The  right  fore  foot. 

2.  The  left  hind  and  right  fore  feet. 

3.  The  left  hind  foot. 

4.  Without  supi)ort. 

5.  The  left  tore  foot. 

6.  The  right  hind  and  left  fore  feet. 

7.  The  right  hind  foot. 

8.  Without  support. 

It  appears  somewhat  remarkable  that  until  the  results  of  M.  Marey's 
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experiments  and  of  those  obtained  by  electro-photography  were  pub- 
lished, many  experienced  horsemen  were  of  opinion  that  during  the 
action  of  trotting  at  least  one  foot  of  a  horse  was  always  in  contact 
with  the  ground. 

If  the  entire  stride  of  a  trotting  horse  is  divided  into  two  portions, 
representing  the  comparative  distances  traversed  by  the  aggregate  of 
the  body  while  the  feet  are  in  contact  with,  and  while  they  are  entirely 
clear  of,  the  ground :  the  relative  measurements  will  be  found  to  vary 
very  greatly,  they  being  contingent  upon  length  of  limb,  weight,  speed, 
and  other  circumstances. 

Heavily  built  horses  will  sometimes  merely  drag  the  feet  just  above 
the  surface,  but,  in  every  instance  of  a  ti'ot,  the  weight  of  the  body  is 
reallv  unsupported  twice  during  each  stride  (see  stride  2,  positions  4 
and  4d).  It  sometimes  happens  that  a  fast  trotter,  during  the  two 
actions  of  a  stride,  will  have  all  his  feet  clear  of  the  ground  for  a  dis- 
tance exceeding  one-half  of  the  length  of  the  entire  stride ;  this  elas- 
ticity of  movement  is  however  exceptional. 

The  action  of  a  fast-trotting  horse  while  drawing  a  vehicle  is  very 
different  from  his  action  under  the  saddle;  in  the  latter  case,  the  hind 
legs  are  kept  thrust  back  for  a  longer  period,  and  their  final  forward 
movement  is  much  more  rapid. 

THE  AMBLE. 

Assuming  our  observation  of  this  movement  to  commence  when, 
during  a  stride  of  about  10  feet,  the  left  hind  foot  has  just  struck  the 
ground  slightly  to  the  rear  of  where  the  right  fore  foot  is  resting;  the 
left  fore  leg  will  be  well  advanced  but  still  flexed,  with  the  toe  pointed 
downwards,  and  the  right  hind  foot  having  been  the  last  to  leave  the 
ground,  will  be  tlirust  backwards  with  the  j)astern  nearly  horizontal. 

As  the  right  fore  foot  leaves  the  ground,  the  kftfore  leg  is  gradually 
Straightened  during  its  thrust  forwards ;  the  right  hind  foot  in  the 
meantime  is  gradually  advancing,  and  tlie  horse  is  supported  on  the 
left  hind  foot  alone. 

The  left  fore  foot  is  now  brought  to  the  ground,  and  the  body  rests 
oil  the  left  laterals,  with  the  right  hiterals  suspended  between  them. 

As  the  left  fore  leg  attains  a  vertical  position,  its  lateral  leaves  the 
ground,  and  the  sujjport  of  the  body  devolves  on  the  left  fore  foot 
alone,  the  right  fore  leg  being  considerably  flexed,  with  the  foot  in 
advance  of  the  left  fore  lesr. 
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The  right  hind  foot  now  .strikes  the  ground,  and  one-half  of  the 
stride  is  accomplished ;  these  movements  are  repeated  with  a  change  of 
the  limbs  for  the  remaining  portion  of  the  stride,  and  the  horse  is  again 
in  the  position  in  which  we  first  observed  him. 

We  shall  see  by  reference  to  stride  No.  5  the  consecutive  supporting 
feet  to  be : 

1.  The  left  hind  foot. 

2.  The  left  hind  and  left  fore  feet — lateraU. 

3.  The  left  fore  foot. 

4.  The  left  fore  and  right  hind  feet — diagonals. 

5.  The  right  hind  foot. 

6.  The  right  hind  and  right  fore  feet — laterals. 

7.  The  right  fore  foot. 

8.  The  right  fore  and  left  hind  feet — diagonals. 

The  right  fore  foot  being  raised,  the  hor.se  is  again  in  the  fii^st  position. 

The  amble  and  the  walk  are  the  only  regular  progressive  move- 
ments of  the  horse  wherein  the  body  is  never  without  the  support  of 
one  or  more  legs,  in  all  others  the  weight  is  entirely  oifthe  ground  for 
a  longer  or  shorter  period. 

THE    RACK    OR    PACE. 

The  rack  diifers  from  the  trot  in  the  nearly  .synchronous  action  of 
the  laterals  instead  of  the  diagonals. 

In  some  countries  the  rack  is  naturally  adopted  by  the  horse  as  one 
of  his  gaits,  but  it  is  probably  caused  by  the  eifects  of  training  exercised 
over  many  generations  of  his  ancestors. 

The  movements  already  described  are  regular  in  their  action,  and  a 
stride  may  be  divided  into  two  parts,  Avhich  are  essentially  similar  to 
each  other. 

THE    CANTER 

and  the  gallop,  however,  cannot  be  so  divided,  and  a  complete  stride 
in  either  of  those  gaits  is  a  combination  of  several  difPerent  movements. 

The  canter  is  usually  regarded  as  a  slow  gallop,  probably  from  the 
facility  with  which  a  change  from  one  gait  to  the  other  ciin  be  effected ; 
an  important  difference  will,  however,  be  observed. 

Assuming  a  hor.se  after  his  propulsion  through  the  air,  during  a 
stride  of  10  feet,  to  have  just  landed  on  his  left  hind  foot,  the  right 
hind  foot  will  be  on  the  point  of  pas.sing  to  the  front  of  the  left.  The 
left  fore  leg  will  be  thrust  forward  and  nearly  straight,  while  the  right 
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fore  leg  will  be  flexed  with  the  foot  elevated  about  12  inches  from  the 
ground,  and  somewhat  behind  the  vertical  of  the  breast.  The  left  fore 
foot  being  brought  to  the  ground,  the  body  is  supported  by  the  laterals; 
the  right  hind  foot  is,  however,  quickly  lowered,  and  performs  its  share 
of  support.  The  left  hind  foot  is  then  raised,  and  the  right  hind  and 
left  fore  legs  assume  the  weight,  the  former  being  nearly  vertical,  and 
the  latter  inclined  well  back,  the  right  fore  foot  is  thrust  well  forward,, 
and  is  just  about  to  strike  the  ground  ;  when  it  does,  three  feet  again 
share  the  support,  they  being  the  two  fore  and  the  right  hind.  The 
left  fore  foot  now  leaves  the  ground,  and  we  again  find  the  support 
furnished  by  the  laterals,  the  right  instead  of,  as  before,  the  left. 

The  right  hind  foot  is  raised  when  the  right  fore  leg  becomes  verti- 
cal ;  this  latter,  which  now  sustains  the  entire  weight,  gives  the  final 
effort  of  propulsion,  and  the  body  is  hurled  into  the  air. 

The  descent  of  the  left  hind  foot  completes  the  stride,  and  the  con- 
secutive movements  are  repeated. 

In  stride  No.  7  we  learn  that  during  the  canter  the  support  of  the 
body  is  derived  from — 

1.  The  left  hind  foot. 

2.  The  left  hind  and  left  fore  feet — laterah. 

3.  Both  hind  and  the  left  fore  feet. 

4.  The  right  hind  and  left  fore  feet — diagonals. 
o.  The  right  hind  and  both  fore  feet. 

6.  The  right  hind  and  eight  fore  feet — laterals. 

7.  The  right  fore  foot  alone,  on  which  he  leaves  the  ground. 

THE    GALLOP    OR    IllN. 

This  movement  has  in  all  ages  been  employed  by  artists  to  convey 
the  impression  of  rapid  motion,  although,  cnriously  enough,  the  atti- 
tude in  which  the  horse  has  been  almost  invariably  depicted  is  one 
which  is  impracticable  during  uniform  progressive  motion. 

When  during  a  rai)id  gallop,  with  a  stride  of  20  feet,  a  horse  after 
his  flight  through  the  air  lands  on  his  left  hind  foot,  the  right  hind 
will  be  suspended  over  it  at  an  elevation  of  12  or  15  inches,  and 
several  inches  to  the  rear  of  and  above  it  the  sole  of  the  right  fore  foot 
will  be  turned  up  almost  horizontally,  the  left  fore  leg  is  flexed  with 
the  foot  under  the  breast  at  a  height  of  18  or  20  inches. 

The  right  hind  foot  strikes  the  ground  some  'MS  inches  in  advance 
of  the  left  hind,  each  as  tluy  land  being  forward  of  the  ciMitre  of 
gravity. 
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The  body  is  now  thrust  forward,  and  while  the  right  hind  pastern 
is  still  almost  horizontal,  the  left  hind  foot  leaves  the  ground,  At  this 
time  the  left  fore  leg  is  perfectly  straight,  the  foot,  with  the  toe  ranch 
higher  than  the  heel,  is  thrust  forward  to  a  point  almost  vertical  with 
the  nose,  and  at  an  elevation  of  about  12  inches  the  right  fore  knee  is 
bent  at  right  angles,  and  the  foot  sus2:>ended  under  the  breast  at  several 
inches  greater  elevation  than  the  left  fore  foot. 

The  left  fore  foot  now  strikes  the  ground,  96  inches  in  advance  of 
the  spot  w^hich  the  right  hind  foot  is  on  the  point  of  leaving,  and  for 
a  brief  space  of  time  the  diagonals  are  upon  the  ground  together. 
The  left  fore  leg,  however,  immediately  assumes  the  entire  responsi- 
bility of  the  weight,  and  soon  attains  a  vertical  position,  with  its 
pastern  at  right  angles  to  it. 

In  this  position  the  right  hind  foot  is  tlirust  back  to  its  fullest 
extent,  at  an  elevation  of  12  or  14  inches,  with  the  pastern  nearly 
horizontal.  The  left  hind  foot  is  considerably  higher  and  somewhat 
more  forward ;  the  right  fore  leg  is  straight,  stretched  forward,  with  the 
foot  about  15  inches  from  the  ground,  and  almost  on  a  perpendicular 
line  from  the  nose.  The  right  fore  foot  strikes  the  ground  48  inches 
in  advance  of  the  left  fore,  which,  having  nearly  performed  its  office, 
is  preparing  to  leave  the  ground;  the  animal  will  then  be  supported 
on  the  right  fore  foot  alone,  which  immediately  falls  well  to  the  rear 
of  the  centre  of  gravity,  which  is  sometimes  passed  by  the  left  hind 
foot  at  a  height  of  about  12  inches;  the  right  hind  foot  is  some  dis- 
tance in  the  rear,  and  the  left  fore  foot,  at  a  height  of  24  inches,  is 
suspended  somewhat  in  advance  of  its  lateral. 

In  this  position  the  horse  uses  the  right  fore  foot  for  a  final  act  of 
propulsion,  and  is  carried  in  mid  air  for  a  distance  of  60  inches,  after 
which  the  left  hind  foot  descends,  the  stride  is  completed,  and  the  con- 
secutive motions  renewed. 

The  measurements  and  positions  herein  given  do  not  pretend  to 
exactness,  as  they  must  depend  to  some  extent  upon  the  capability, 
training,  and  convenience  of  the  animal ;  but  they  may  be  a'cce[)ted  as 
representing  an  average  stride  of  20  feet  with  a  horse  in  fair  condition 
for  racing. 

From  this  analysis  it  will  be  seen,  by  reference  to  stride  9,  that  a 
horse,  during  an  ordinary  gallop,  is  supported  consecutively  by: 

1.  The  left  hind  foot, 

2.  Both  hind  feet. 
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3.  The  right  hind  foot, 

4.  The  right  hind  and  left  fore  feet, 

5.  The  left  fore  foot, 

6.  Both  fore  feet, 

7.  The  riglit  fore  foot, 

with  which  he  leaves  the  ground,  while  the  only  position  in  which  Ave 
find  him  entirely  without  support  is  when  all  the  legs  are  flexed  under 
his  body. 

It  is  highly  probable,  however,  that  more  exhaustive  experiments 
with  long-striding  horses  in  perfect  training,  will  discover  there  is 
sometimes  an  interval  of  suspension  between  the  lifting  of  one  fore 
foot  and  the  descent  of  the  other ;  and  also  between  the  lifting  of  the 
second  hind  foot  which  touches  the  ground,  and  the  descent  of  its 
diagonal  fore  foot  (see  imaginary  stride  10).  Should  this  latter  be  the 
case,  it  will,  from  the  necessary  positions  of  the  other  limbs,  afford  but 
a  very  shadoA\y  pretext  for  the  conventional  attitude  used  by  artists  to 
represent  a  gallop.  It  is  extremely  doubtful  if  there  can  be  any  inter- 
val of  suspension  between  the  lifting  of  one  hind  foot  and  the  descent 
of  the  other,  no  matter  what  the  length  of  stride. 

Many  able  scientists  have  written  on  the  theory  of  the  gallop,  but  I 
believe  Marey  was  the  first  to  demonstrate,  tiiat  in  executing  this 
movement,  the  horse  left  the  ground  with  a  fore  foot  and  landed  on 
a  hind  foot. 

THE    LEAP. 

There  is  little  essential  difference  in  general  characteristics  of  either 
of  the  several  movements  that  have  been  described,  but  with  a  number 
of  experiments  made  with  horses  wiiile  leaping,  no  two  were  found  to 
agree  in  the  manner  of  execution.  The  leap  of  the  same  horse  at  the 
same  rate  of  speed,  with  the  same  rider,  over  the  same  hurdle,  dis- 
closed much  variation  in  the  rise,  clearance,  and  descent  of  the  animal. 
Apart  from  this,  the  horses  were  not  thoroughly  trained  leupers,  and 
the  results  are  ])erhaps  not  representative  of  those  that  would  be 
obtainetl  from  the  action  of  a  well-trained  hunting  horse.  A  few 
motions  were,  however,  invariable.  Wiiile  tiie  horse  was  raising  his 
body  to  clear  the  hurdle,  one  hind  foot  was  always  in  advance  of  the 
other,  and  exercised  its  last  energy  alone. 

On  the  decent,  the  concussion  was  alwavs  reccive<l  by  one  fore  foot, 
supported  by  the  other  more  or  less  rapidly,  and  sometimes  as  nuich  as 
30  inches  in  advance  of  where  the  first  one  struck,  followcnl  by  the 
WnoLE  No.  Vol.  CXV.— (Thiud  Skrikp,  Vol.  Ixxxv.)  J.s 
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hind  feet  also,  with  intervals  of  time  and  distance  between  their  several 
falls.  It  is  highly  probable  future  experiments  will  prove  these 
observations  to  be  invariable  in  leaping. 

It  is  highly  probable  that  these  photographic  investigations,  which 
were  executed  with  wet  collodion  plates  with  exposures  not  exceeding 
in  some  instances  the  one  five-thousandth  part  of  a  second,  will  dispel 
many  popular  illusions  as  to  gait,  and  that  future  and  more  exhaustive 
experiments,  with  all  the  advantages  of  recent  chemical  discoveries, 
will  completely  unveil  to  the  artist  all  the  visible  muscular  action  of 
men  and  animals  during  their  most  rapid  movements. 

The  employment  of  automatic  apparatus  for  the  purpose  of  obtain- 
ing a  regulated  succession  of  photographic  exposures  is  too  recent  for 
its  value  to  be  properly  understood,  or  to  be  generally  used  for  scien- 
tific experiment ;  at  a  future  time,  the  pathologist,  the  anatomist,  and 
other  explorers  for  hidden  truths  will  find  it  indispenisable  for  their 
complex  investigations. 


CHARCOAL  AS  APPLIED  TO  THE  DEPOSITION  OF  GOLD 
FROM  CHLORIXE   SOLUTIONS,  AND  ITS  PER- 
FECT SEPARATION  FROM  COPPER  AND 
OTHER  IMPURITIES. 


By  William  Moeris  Davis. 

[A  paper  read  at  the  Stated  Meeting  of  the  Franklin  Institute,  March  21^  1883.] 


As  preliminary  to  the  subject,  and  necessary  to  a  just  appreciation 
of  its  value  in  utilizing  the  refractory  ores  of  gold,  it  may  be  remarked 
that  in  our  country  there  exist  immense  amounts  of  auriferous  sulphides, 
and  arsenides,  which  have  not  been  deemed  available  on  account  of  their 
refractoiy  nature,  or  their  low  value  in  gold. 

Smelting  has  only  been  applied  to  such  ores  when  they  carried  a 
comparatively  high  value  in  gold.  Kerl  teaches  that  "ores  con- 
taining combined  gold  to  the  amount  of  $20  per  ton  cannot  be  profitably 
fused  with  lead,  even  could  they  be  raised  without  mining  cost." 

By  chlorination,  ores  containing  combined  gold  to  the  amount  of 
?10  per  ton  can  be  profitably  worked,  mining  cost  included. 

This  process  has  not  found  general  application  for  reasons  which  will 
be  considered  hereafter. 
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Chlorination  of  the  refractory  ores  involves  three  distinct  operations 
viz. : 

1.  Roastino^,  to  expel  the  volatile  constituents  of  the  ores,  and  to 
oxidize  the  metallic  elements  other  than  o;old. 

2.  Dissolving  the  gold  by  means  of  chlorine,  preferably  by  the 
Meal's  process,  and  by  filtration  or  leaching,  separating  the  auriferous 
and  cuprous  solution  from  the  sands. 

3.  Precipitation  of  the  gold  by  salt  of  iron,  or  sulphuretted  hydro- 
gen, or  the  deposition  of  the  gold,  and  its  complete  separation  from 
attendant  impurities  by  percolation  through  granulated  vegetable 
charcoal. 

This  last  method  has  been  the  subject  of  a  United  States  Patent,  and 
its  chemical  reactions  have  been  examined  by  George  A.  Koenig,  and 
published  in  the  Institute  Journal,  May,  1882. 

It  is  herein  purposed  to  consider  this  new  method,  in  its  technical 
apj)lication  to  enlarged  operations  in  commercially  obtaining  gold  from 
its  solutions,  which  is  attended  by  phenomena  that  would  not  be  con- 
sidered by  the  experimentalist  in  the  limited  operations  of  the  laboratory. 
Also,  to  compare  the  new  deposition  of  gold  with  the  old  methods  of 
precipitation. 

It  has  been  known  to  a  few  antiquarian  searchers  in  chemical  records, 
that  amongst  the  multitude  of  substances,  inorganic  and  organic,  which 
decompose  an  acid  solution  of  terchloride  of  gold,  carbon  was  named 
by  Count  Rumford  (Sir  Benjamin  Thompson),  as  possessing  this 
property.  But  it  was  under  certain  conditions  only  that  he  observed 
it  to  act;  for,  he  says,  "recently  ignited  charcoal  separates  gold  only 
in  sunshine  or  a  temperature  of  109°F." 

Further  research  showed  that  in  the  presence  of  either  "sunshine"  or  a 
temperature  of  109°,  gold  will  be  deposited  from  its  solution  in  the 
absence  of  carbon. 

Thus  Kane  teaches  tliat  "when  chlorine  water  is  exposed  to  the  light 
it  is  gradually  decomposed,  chloride  of  hydrogen  being  formed,  and 
oxygen  sot  free." 

He  further  teaches  that  heat  has  the  effect  of  decomposing  such  so- 
lutions with  like  results. 

Should  gold  be  present,  it  will  be  precipitated  in  proportion  as  the 
chlorine  is  converted  into  chloride  of  hydrogen  for  the  reason  that  gold 
is  insoluble  in  this  acid. 

Wlien  it  was  thus  shown    that  the  conditions,  light   and  heat,  as 
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named  by  Rumford,  were  sufficient  for  the  deposition  of  gold  from  its 
solution,  then  his  supposed  discovery  was  consigned  to  the  limbus  of 
curious  and  useless  chemical  observations. 

This  property  of  carbon  is  but  casually  mentioned  by  other  authors ; 
but  it  is  nowhere  taught  that  cai-bon  is  distinguished  by  a  remarkable 
energy,  or  as  differing  from  the  crowd  of  organic  substances  with  Avhich 
it  is  classed. 

Neither  is  it  suggested  in  any  scientific  work  that  the  deposition  was 
sufficient  to  be  of  commercial  value,  and,  so  far  as  known,  no  use  has 
ever  been  made  of  such  knowledge  in  the  commercial  separation  of 
gold  from  its  solutions.  Nor  has  it  been  employed  in  the  metallurgy 
of  gold  except  as  a  fuel. 

On  the  contrary,  when  the  attention  of  chemical  experts  was  first 
called  to  the  claims  of  the  discoverer,  they  were  discredited  by 
most,  and  thought  by  others,  deservedly  high  in  authority,  to  "  run 
counter  to  well  known  principles  and  chemical  laws ;"  even  at  this 
time  well  informed  minds  are  at  a  loss  to  account  for  the  remarkable 
energy  of  this  new  agent  in  reducing  gold  to  a  metallic  state  from  its 
solutions ;  also  the  remarkable  fact' that  it  is  inert  towards  other  metallic 
and  mineral  constituents  of  the  solution ;  thus  serving  the  double  pur- 
pose of  depositing  and  refining  the  gold. 

Neither  are  many  chemists  prepared  to  admit  the  following  conclu- 
sions, derived  from  experimental  observations  and  investigation  during 
many  months  of  practical  operations  on  a  scale,  varying  from  the 
experiment  of  ounces  in  the  laboratory,  to  nearly  two  thousand  tons  of 
ore  in  the  reduction  works,  in  which,  over  600,000  gallons  of  a  terchlo- 
ride  solution  of  gold  was  subjected  to  the  action  of  charcoal,  and 
SI  1,1 52  in  gold  retained. 

The  following  formula  is  offered  as  explanatory  of  the  reactions  at- 
tending the  deposition  of  gold  from  a  chlorine  solution  : 

2AuCl3H-3C  +  6HO  =  6HCl-f3e02  +  2Au  free. 

This  hypothesis  is  strengthened  by  the  observed  action  of  chlorine 
on  other  substances. 

Thus  Kane  teaches  that,  "Chlorine  has  a  powerful  affinity  for  hy- 
drogen, and  when  brought  in  contact  with  other  bodies,  in  the  presence 
of  water,  will  decompose;  the  water  by  combining  with  the  hydrogen 
forming  CIH,  and  liberating  oxygen.  Thus  he  says,  substances  are 
frequently  oxidized  l)y  chlorine  to  a  higher  degree  than  by  nitric 
acid." 


i 
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Selenious  acid  (SeOg)  and  chlorine,  in  the  presence  of  water  are  con- 
verted into  seleuic  acid  (SeOg)  and  CIH,  thns : — 

SeO,+Cl+HO  =  SeOj+ClH. 

Reasoning  from  analogy,  we  may  explain  the  reactions  attending 
the  deposition  of  gold,  by  substituting  carbon  for  selenious  acid ;  in 
■which  case  the  carbon  becomes  oxidized  at  the  expense  of  the  water, 
forming  carbonic  acid  (CO2),  the  liberated  hydrogen  uniting  with 
the  chlorine,  forming  CIH. 

That  such  are  the  reactions,  may  be  assumed,  a  priori,  because  all 
the  elements  involved  are  satisfied  according  to  their  known  affinities, 
and  form  definite  compounds,  leaving  the  gold  free. 

It  therefore  follows,  that  the  deposition  of  the  gold  is  caused  by  the 
conversion  of  the  cldorine  (which  is  a  solvent  of  the  metal)  into  chlor- 
hydric  acid,  (in  which  gold  is  insoluble)  and  is  not  occasioned  by  any 
particular  affinity  of  the  carbon  for  the  gold  ;  and  it  also  follows  that 
copper  or  other  mineral  constituents  of  the  solution,  will  be  retained 
in  solution  by  the  CIH,  because  soluble  by  it. 

That  the  chlorine  is  converted  into  muriatic  acid  (CIH)  was  shown 
by  the  following  experiment. 

After  a  filter  containing  80  gallons  of  coal  had  passed  8,750  gallons 
of  a  strong  chlorine  solution,  there  were  taken  ecpial  portions  of  the 
solution,  the  one  from  the  surface,  the  other  from  the  lower  faucet,  after 
passage  through  the  coal. 

In  the  first  sample,  the  chlorine  acted  powerfully  on  the  senses; 
being  quite  suffi^cating,  in  the  second  no  odor  was  perceptible,  even  on 
the  application  of  heat. 

By  the  addition  of  nitrate  of  silver,  to  each  sample,  and  collecting 
the  j)recipitated  chloride  of  silver,  washing  and  drying  with  due  ])re- 
cautions,  the  weights  of  the  two  agreed;  the  one  determining  the 
sensible  chlorine  in  the  original  solution,  the  other  the  insensible  chlo- 
rine as  existing  in  the  hydrochloric  acid  formed  by  the  passage  over 
the  charcoal. 

That  the  gold  disappeared  from  the  solution  with  the  conversion  of 
chlorine,  is  shown  in  the  following  extract  from  a  report  on  the  pro- 
cess by  Prof.  Endlich,  of  Washington: 

"In  order  to  test  the  efficacy  of  the  ])rocoss,"  he  says,  "  I  took,  sys- 
tematically, samples  from  the  receiving  tanks,  from  the  collecting  tanks, 
from  the  pipe  which   carried  the  solution  to  the   filter,  and  from   the 
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stop-cock  through  which  the  liquid  passed  after  tlie  sohition  had  been 
in  contact  with  the  charcoal." 

"The  unvarying  result  of  these  repeated  tests  may  be  summed  up 
briefly." 

"While  I  never  failed  to  get  copious  precipitates  of  gold  from  the 
solution  in  the  tanks,  and  from  that  taken  from  the  faucet  through 
Avhich  it  flowed  into  the  carbon  filter,  I  never  obtained  the  slightest 
gold  precipitate  from  the  same  liquid  after  it  had  passed  through  the 
charcoal." 

"The  experiments  I  witnessed  prove  beyond  a  doubt,  the  fact,  that 
gold  is  dissociated  by  the  contact  of  terchloride  solution  with  carbon 
and  is  deposited  upon  the  latter." 

"That  this  deposition  is  complete  is  shown  by  the  total  absence  of 
gold  from  the  liquid  after  it  had  passed  through  the  charcoal  filter." 

"  Briefly  restating  what  has  been  said  at  greater  length,  I  would  re- 
peat,— the  charcoal  filter  as  here  used,  is  entirely  sufficient  to  precipitate 
from  a  terchloride  solution  all  the  gold  contained  therein."  In  labora- 
tory practice,  it  has  been  found  that  proto-sulphate  of  iron  is  a  most 
delicate  test  of  the  presence  of  gold  in  its  solution,  and  is  the  usual 
precipitant  employed;  either  this  salt  or  sulphuretted  hydrogen  amply 
meets  the  requirements  of  the  chemist  in  his  researches ;  for,  in  the 
minute  proportions  therein  employed,  no  account  is  made  of  the  pro- 
portions of  the  reagents  used,  and,  where  the  separation  of  the  precipi- 
tate from-  the  supernatant  fluid  is  entirely  within  control,  and  the  time 
employed  is  of  no  especial  moment,  these  reagents  suffice. 

But,  when  the  ounces  employed  by  the  chemist,  swell  to  tons  in  the 
hands  of  the  metallurgist,  and  the  solutions  grow  to  unwieldy  pro- 
portions ;  when  the  saline  constituents  of  his  solutions  vary  with  the 
ores  operated  upon,  and  when  the  solution  is  highly  saturated  withi 
chlorine  (as  is  the  case  where  it  is  formed  under  pressure),  or,'when 
the  ores  are  of  such  low  grade,  that,  to  make  them  available,  the 
costs  must  be  reduced  to  the  lowest ;  then,  the  unnoticed  factors  of  the 
laboratory  swell  to  formidable  proportions,  and  stand,  an  almost  insur- 
mountable bar  to  the  chlorinating  process  on  a  business  scale.  There- 
fore, chlorination  has  been  confined  to  quite  limited  operations,  whilst 
its  excellence,  as  a  solvent  of  the  gold,  is  unquestioned. 

It  must  be  admitted  that  in  laboratory  exi)eriments,  carbon  is  as 
inconvenient  and  impracticable,  as  the  above  reagents  have  proved  irr 
operations  upon  an  extended  scale. 
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WHAT    IS   CLAIMED    FOR   THE    CHARCOAE    PROCESS. 

1.  Commercial  1\'  depositing  gold  from  its  solution  by  subjecting  the 
same  to  the  action  of  carbon. 

2.  Depositing  gold  from  its  solution  by  causing  a  current  of  such 
solution  to  flow  past  or  through  carbon. 

3.  The  process  of  obtaining  gold  from  its  solution  by  bringing  said 
solution  in  contact  with  carbon,  and  thereby  depositing  the  gold  upon 
it,  and  of  subsequently  obtaining  the  gold  from  the  carbon  by  inciner- 
ation, or  other  equivalent  means. 

By  charcoal  the  gold  is  deposited  and  retained  in  metallic  form  on 
fixed  surfaces,  as  the  solution  is  passing  from  the  mill  at  the  rate  of  80 
gallons  per  hour  through  80  gallons  of  coal  or,  extending  over  the  24 
hours,  equal  to  disposing  of  the  solutions  from  6*4  tons  of  ore  for  a 
single  filter.  By  a  duplication  of  the  filters,  provision  may  be  made 
for  chlorination,  equal  to  the  utmost  production  of  a  large  mine. 

By  the  older  and  prevalent  methods  the  gold  is  precipitated  in  an 
impalpable  powder,  in  a  large  volume  of  fluid  of  a  density  of  3°  to 
5°  Beau  me. 

By  the  carbon  method,  the  gold  is  securely  held  against  waste  or  loss 
until  the  coal  is  reduced  to  ash,  preparatory  to  the  melting  into  ingots. 

By  the  old  methods,  it  is  to  be  obtiiined  only  by  the  slow  subsi- 
dence of  the  powder  to  the  bottom  of  the  precipitation  tanks,  to  be 
subsequently  collected  by  decantation  or  tedious  filtrations. 

It  is  proposed  to  substitute  the  continuous  passage  of  the  solution 
through  coal  by  a  flow  regulated  with  the  nicest  precision  to  the  re- 
quirements of  the  works,  for  the  intermittent  and  complex  operations 
incident  to  precipitation  by  the  old  methods,  to  wit : 

1.  Accumulation  in  precipitation  tanks. 

2.  Precipitation,  with  chance  of  waste  in  excess  of  precipitant. 

3.  Subsidence,  with  great  loss  in  time,  on  account  of  the  great 
volume  of  solutions  and  their  density. 

4.  Decanting,  or  syphoning,  of  the  supernatant  liquid,  with  probable 
loss  from  incomplete  subsidence  of  the  gold. 

5.  Filtration  of  the  fluid  contents  of  tanks,  after  decanting  as  far  as 
is  safe. 

6.  Voluminous  contents  of  filters  from  the  foreign  substances  thrown 
down  with  the  gold,  which  embarrass  the  after-crucible  operations. 

Louis  Blanding,  of  San  Francisco,  writes  :  "  I  am  well,  I  may  say 
[)ainfully,  aware  of  tiie  defect  and  shortcoming  of  the  ])n's(iit  mode  of 
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precipitation,  eitlier  by  the  proto-sulphate  of  iroD,  or  by  the  use  of 
sulphuretted  liydrogen,  for  I  have  for  many  years  faced  the  difficulties 
in  my  own  works,  and  tried  in  many  ways  to  overcome  it." 

That  you  may  realize  in  some  degree  the  difficulties  that  Mr.  Blan- 
ding  had  faced,  I  quote  from  Kerl's  Metallurgy  a  description  of  the 
operation  in  the  well-known  Plattner's  Chlorinating  Works  at  Rich- 
enstein.  This  chlorine  solution  of  gold  being  obtained,  the  manipula- 
tion is  as  follows  : 

"  The  solution  first  warmed  to  25°C.,  is  treated  with  sulphuretted 
hydrogen,  thus  first  neutralizing  the  chlorine,  and  afterward  precipi- 
tating the  gold." 

"  The  precipitate  is  allowed  to  deposit ;  it  is  not  completely  deposited 
until  the  following  day,  w^hen  it  is  filtered. 

"  The  clear  liquid  from  the  precipitation  vessels  is  slowly  conducted 
by  glass  svphons  on  to  paper  filters  lying  on  perforated  earthen  dishes. 

"  The  filtered  liquid  is  led  into  sumpts  to  collect  any  sulphide  of 
gold  which  may  escape  from  the  filters  ;  the  deposit  in  the  vessel  is 
washed  and  poured  on  the  filters, 

"320  filters  are  obtained  from  16  days  or  24  tons  of  ore;"  (which 
is  only  one  and  a  half  tons  per  diem)  "  they  are  then  dried  and  car- 
bonized in  four  large  pans,  boiled  wdth  aqua-regia,  washed,  and  the 
auric  solution  filtered  into  glass  cylinders. 

"  Afterward  the  filters  are  again  boiled  in  water,  and  the  gold  sepa- 
rated from  the  solution  by  sulphate  of  iron. 

"  The  four  precipitates  are  now  collected  on  two  filters,  washed  first 
with  pure  muriatic  acid,  and  afterward  with  w^ater. 

"  When  eight  such  filters  are  collected,  they  are  carbonized  and  the 
gold  melted  with  borax  and  saltpetre." 

The  above  details  become  truly  formidable  when  carried  out  in 
extenso,  and  the  bewildered  operator  becomes  inextricably  entangled  in 
the  multiplied  decantations  and  filtrations,  precipitations,  now  by  one, 
and  again  by  another  agent,  solution  and  re-solutions,  washings  and 
carbonizations,  which  surely  accumulate,  day  by  day,  in  the  never- 
ending  details  of  so  complex  a  method.* 

To  still  further  entangle  this  complicated  web,  it  was  found,  in  our 


*  A  ton  of  ore  furnishes  about  300  gallons  of  solution,  including  wash 
water  ;  or  a  day's  work  in  the  Yadkin  would  require  the  above  operations 
to  be  performed  on  3,900  gallons  of  liquid.  An  idea  may  be  thus  formed  of 
the  labor  and  tedium  attendant  on  such  enlarged  drudgery. 
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works,  that  the  presence  of  copper  interfered  with  the  perfect  precipi- 
tation of  gold  by  sulphate  of  iron,  even  when  great  excess  of  the  salt 
was  used ;  the  cement  eo{)per  obtained  from  the  solution  after  the  gold 
had  been  precipitated  Avas  fouud  to  carry  30  cents  of  gold  to  the  pound. 

The  ore  operated  upon  yielded  22  pounds  of  cement  copper  to  the 
ton ;  thus  the  loss  in  gold  was  22  X  30  =  S6.60  per  ton,  which  was 
fully  40  per  cent,  of  the  assay  value  of  the  ore. 

A  like  interference  of  copper  with  the  precipitation  of  gold  is  re- 
<;ited  by  Kerl  (p.  614),  in  describing  the  chlorinating  works  at  Schemnitz, 
he  says : 

"  The  liquid  from  the  precipitated  gold  is  collected  and  passed  over 
iron,  thus  yielding  some  auriferous  cement  copper,  the  loss  in  gold  be- 
ing 18.21  })er  cent." 

The  shortcomings  and  difficulties  of  the  older  methods  have  been 
very  briefly  related,  that  you  may  realize  the  satisfaction  with  which  the 
simple  method  of  percolation  through  charcoal  was  welcome'^1,  wherein, 
to  the  absolute  certainty  of  securing  the  gold,  was  added  the  per- 
fect separation  from  copper,  and  the  obtaining  the  two  metals  in  purity, 
and  at  a  nominal  expense  of  about  8  cents  per  ton. 

This  simple  and  effective  remedy  for  the  shortcomings  of  precipita- 
tion, removed  the  difficulties  of  working  the  most  refractory  ores  of 
gold  on  an  enlarge<l  scale. 

The  charcoal  filter  will  apply  equally  to  all  the  processes  of  chlori na- 
tion now  known,  and  will  necessarily  apply  to  like  processes,  the  dis- 
covery of  which  await  further  research  and  experiment,  and  M'hich  may 
in  turn  supercede  the  Plattner,  Kiss,  Paxter,  Kozner,  Mears,  or  Boyn- 
ton  processes  of  working  gold  ores  by  means  of  chlorine.  It  has  been 
found  that  from  one-half  to  one  gallon  of  charcoal  is  sufficient  for  the  solu- 
tion from  1  ton  of  ore;  while  the  absolute  power  of  the  carbon  in  dissoci- 
ating gold  from  chlorine  has  not  been  absolutely  determined,  it  has 
been  experimentally  proved  that  two  ounces  of  charcoal  will  take  a 
coating  e([ual  to  eighteen  .and  a  half  dwts.,  or  S18.50,  which  carried 
out  shows  S148  to  tht  pound,  or  §341,520  to  a  ton  of  charcoal,* 
The  gilded  grains  exhibited  on  the  screen  much  exceed  this  amount, 


*In  practice  the  operation  is  not  carried  to  tiiis  extreme,  because  of 

possible  disintegration  of  tbe  surfaces  and  tbe  st-ttliii^  of  gold  in  inetallic 
scales  to  tlie  l)ottom  of  tbe  vessel;  and  again,  wben  a  filter  is  beavily 
charged,  tbe  interest  on  t  lie  contained  gold  will  exceed  tbe  cost  of  a  fresb 
filter. 
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as  they  were  taken  from  the  surface  of  the  filter,  where  the  proportion 
of  gold  to  the  carbou  was  greater  than  the  average  of  the  whole  con- 
tents, which  yielded  the  above  result. 

It  has  been  found  in  practice  that  the  gold  solution  should  be  sub- 
ject to  the  action  of  the  carbon  for  about  one  hour,  thus  a  filter  con- 
taining 80  gallons  of  carbon  may  safely  i)ass  its  own  volume  of  the 
solution  every  hour,  or  the  solution  from  one  ton  of  ore  in  four  hours. 
At  this  rate  of  running  (unless  the  solution  is  heavily  saturated  with 
chlorine)  there  need  be  little  fear  of  gold  or  chlorine  escaping  from 
the  bottom  spigot,  but  as  a  safeguard  a  second  filter  should  be  so  placed 
that  the  upper  one  may  discharge  into  it;  this  lower  one  is  to  be 
elevated  to  the  place  of  the  first  when  it  is  charged  with  gold. 

In  the  process  under  consideration  the  presence  of  copper  in  moder- 
ate proportions  becomes  of  advantage. 

Whilst  the  gold  to  the  uttermost  particle  is  retained  by  the  coal,  the 
copper  is  not  affected,  and  it  passes  onward  in  solution  as  chloride  or 
sulphate,  to  its  appropriate  cistern  where  it  is  precipitated  by  scrap-iron,, 
as  metallic  or  cement  copper. 

Thus  two  per  centum  of  copper  as  a  by-product,  will  more  than 
cover  the  cost  of  roasting  and  chlorinating  the  ore,  or  40  pounds  cop- 
per @  12|  cents  equals  .^5.00. 

If  there  be  silver  in  the  ore,  this  metal  will  be  converted  into  an 
insoluble  chloride  of  silver  in  the  chlorinator ;  in  many  ores  the  gold 
is  alloyed  with  such  proportions  of  silver  that  the  coating  of  chloride 
of  silver  would  protect  the  enclosed  particle  of  gold  from  the  action  of 
the  solvent,  but  in  the  revolving  cylinder  used  in  the  Mears'  system  of 
chlorination,  the  moving  sands  scour  off  the  curdy  chloride  of  silver, 
and  the  chlorine  acts  with  unimpeded  energy,  to  the  perfect  solution  of 
the  gold. 

Supposing  then,  that  the  ore  is  a  chalcopyrite,  carrying  gold,  silver, 
and  copper  sulphide,  with  ferric  bi-sulphide,  the  elimination  of  the 
various  elements  would  be  as  follows :  In  the  preliminary  roasting, 
the  sulphides  would  be  converted  to  ferric  oxide  and  cuprous  sulphate. 
As  such  it  is  subjected  in  mixture  M'ith  due  proportion  of  water  in  a  re- 
volving cylinder  to  the  action  of  chlorine  at  a  pressure  equal  to  two 
atmospheres  for  one  hour,  more  or  less,  according  to  the  coarseness  of 
the  contained  gold,  after  which  the  whole  mixture  is  discharged  into  a 
filter  arranged  with  sand  and  pieces  of  quartz  to  act  as  a  leaching 
tank,  from  this  tlie  fluid  contents ;  carrying  the  gold  and  copper,  may 
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be  drained  and  washed  away  by  additional  wafer,  to  pass  throu<jh  the 
carbon,  where  the  gold  will  be  intercepted,  the  copper  passino;  over 
iron  is  deposital  in  metallic  form. 

Returning  now  to  the  wa,shed  sands  in  the  leaching  vat,  we  will 
find  the  insoluble  chloride  of  silver ;  by  treating  these  sands  with 
a  solution  of  hy|)o-sulphide  of  lime  or  soda  (preferably  the  former), 
the  silver  will  be  dissolved,  and  by  leaching,  the  silver  solution  will 
be  carried  to  its  appropriate  tank  to  be  precipitated  as  a  sulphide,  by 
hypo-sulphide  of  lime.  Thus  we  secure  a  complete  separation  and 
obtain  possession  of  the  three  metals,  the  two  latter,  viz.,  copper  and 
silver,  being  by-products  of  the  gold  process. 

The  important  question  now  arises  as  to  the  proportion  of  contained 
gold  that  may  be  obtained  by  this  process. 

EXPERIMENTS   WITH    CHARCOAL    IN    THE    DEPOSITION    OF    GOLD. 

The  following  details  of  experiments  are  given  that  the  scientific 
reader  may  see  that  due  precautions  were  taken  to  arrive  at  reliable 
results.  The  novelty  of  the  appliances  are  offered  as  an  apology  fo^' 
the  minuteness  of  detail. 

First  Experiment. — A  glass  percolator,  18  inches  deep,  was  filled 
with  granulated  pine  wood  charcoal,  of  sizes  between  a  No.  16  and  No. 
40  sieve,  a  small  gum  tube  and  clamp  at  bottom  served  to  regulate  the 
flow ;  3  quarts  of  coal  were  employed ;  and  100  gallons  of  solution, 
obtained  from  ore  of  the  assay  value  of  $15.65  per  ton. 

The  solution  represented  750  pounds  of  the  above  ore ;  it  was  so 
charged  with  chlorine  that  inhalation  could  not  be  made  at  the  sur- 
face of  the  coal;  temperature  of  the  room,  75°F. ;  density  of  the 
liquid,  3.75°  Beaum^.  The  rate  of  running  was  regulated  to  one  gallon 
per  hour. 

At  the  expiration  of  every  hour  a  sample  was  taken  of  the  escaping 
liquid  and  tested  for  gold,  with  sulj)hate  of  iron  ;  in  each  instance  it 
failed  to  detect  gold. 

The  color  of  the  escaping  liquid  indicated  the  jiresence  of  copper; 
remembering  that  the  presence  of  copper  had  hitherto  impaired  the 
action  of  sulphate  of  iron  as  a  precipitant,  it  remained  to  be  shown 
that  the  want  of  precipitate  in  the  test  tubes  was  a  reliable  indication 
of  the  absence  of  gold. 

As  a  test,  every  tenth  gallon  of  the  filtrate  was  subjected  to  the  fol- 
lowing treatment : 
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The  copper  was  precipitated  with  clean  iron  wire ;  the  cement  copper 
washed  with  water  on  a  filter,  then  dissolved  in  diluted  sulphuric  acid 
and  filtered  on  finest  Swedish  paper,  dried,  reduced  to  an  ash,  and 
assayed  for  gold  ;  the  resultant  gold  found  in  any  single  gallon  weighed 
only  .01  gr.  Now,  as  one  gallon  represented  yto  ^^  *^^  solution  from 
a  charge  of  1500  lbs.  of  ore,  the  above  results  shows  a  loss  of  but  2 
grains,  or  8f  cents  per  ton  of  ore. 

This  result  gave  assurance  that  no  appreciable  gold  was  passing  the 
filter. 

The  presence  of  chlorine  was  not  to  be  detected  in  the  escaping 
fluid. 

Thi'  solution  used  in  the  experiment  must  have  carried  at  least  its  vol- 
ume in  chlorine,  or  13  cubic  feet,  equal  2*7  lbs.  by  weight.  This  dis- 
appearance of  the  chlorine  attracted  particular  notice. 

After  the  passage  of  the  100  gallons  in  100  hour's  time,  running 
uninterruptedly,  the  carbon  was  washed,  carefully  incinerated  in  an 
open  iron  dish,  and  the  resultant  ash  reduced  with  borax. 

The  button  of  gold  weighed  139  grains,  which  being  one-half  a 
charge,  is  equal  278  grains  per  charge  of  1,500  lbs.,  or 

371  grains,  at  4|^  cts.  equal  gold  per  ton $15  77 

Assay  value  of  ore 15  65 

Gold  obtained  above  assay $0  12 

At  first  blush,  it  will  be  thought  that  more  than  the  assay  cannot  be 
obtained.  This  is  an  erroneous  opinion ;  a  fire  assay  is  but  a  smelting 
operation,  in  whicli  lead  particles  are  employed  to  wash  out  the  fine 
atoms  of  gold  diffused  in  a  viscid  glassy  slag,  whilst  by  solution,  as  in 
the  case  of  chlorination,  the  finer  determinations  of  chemical  analyses 
are  reached. 

As  bearing  on  this  question,  it  is  proper  lo  state  that  in  leaching  the 
chlorinated  sands,  the  washing  with  water  is  not  continued  to  a  perfect 
removal  of  the  last  traces  of  gold,  as  it  would  require  a  large  volume  of 
water  to  effect  it.  A  careful  supervision  is  kept  by  daily  or  hourly 
assays  of  the  spent  or  waste  sand,  and  a  point  is  made  that  not  over  60 
cents  per  ton  is  allowed  to  escape.  This  remains  a  constant  quantity 
whatsoever  may  be  the  value  of  the  one  operated  upon. 

The  following  results  have  been  obtained  on  six  experimental  runs 
in  the  Chlorination  Works  at  the  Yadkin  Mine,  near  Salisbury,  N.  C: 
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Tons 

Assay  per 

Value  of 

Gold  Mint 

Compared  with 

No. 

Worked. 

Ton. 

Ore. 

Returns. 

Assay. 

1 

m 

$11  90 

$208  85 

$216  33 

4-       45  ets.  per  ton. 

2 

80.] 

11  90 

362  95 

383  34 

+       66    " 

3 

9 

25  20 

226  80 

237  99 

+  $1  24 

4 
5 

559 
265 

3  61 
5  04 

2,017  99^ 
1,335  60. 

2,802  00 

—        67    " 

6 

1,082 

7  25 

7,842  00 

7,513  16 

—       SOI  " 

1,963 

$6  11 

Sll,994  19 

§11,152  82 

—       43  ets. 

COST   OF   THE    PROCESS. 

Labor  and  other  charges  on  a  single  filter : 

14  bushels  charcoal,  (n  Sets 70 

Grinding  and  screening,  I  day,  @  60  ets 30 

1  boy,  regulating  flow,  4]  days,  @  25  ets $1  12J 

1  man,  burning  coal,  1  day,  60  ets 60 

Reduction  by  crucible  fluxes,  etc 1  50 

Equal  80  tons  of  ore  at  5-3  ets.  per  ton $4  22^ 

Briefly  to  recapitulate  the  advantages  claimed  for  the  carbon  process, 
its  peculiar  features  are : 

First. — Great  simplicity  in  all  its  details,  and  low  cost  in  appliances, 
material  and  labor. 

Second. — The  complete  deposition  of  gold  from  its  solutions. 

Third. — Its  equal  applicability  to  all  systems  of  chlorinaiion  as 
aj)plicd  to  gold  ores. 

Fourth. — Greatly  lessening  the  chances  of  loss  through  iguorance  or 
carelessness  of  workmen. 

Fifth. — The  fineness  or  purity  of  the  gold. 

<S7.L-//(. — Tiie  securing  of  copper  as  a  by-j)roduct  at  slightly  incrcasctl 
cost. 
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NOTES    ON   THE    PROCESS. 

The  raining  and  metallurgy  of  the  precious  metals  form  a  lottery,  in 
which  the  prizes  bear  an  almost  infinitesimal  proportion  to  the  blanks ; 
in  the  search  for  gold  this  is  pre-eminently  the  case.  This  arises  from 
various  causes : 

First. — The  minute  proportion  that  gold  bears  to  the  ores  in  which 
it  is  held.  The  average  of  the  ores  that  are  worked  carry  less  than 
4TOT0  part  gold. 

Second. — Only  a  small  proportion  of  the  ores  carry  gold  in  an 
uncombined  state  (free  gold)  whilst  the  refractory  pyritous  ores  offer 
increased  obstruction,  costs,  waste,  and  uncertainty,  which  dishearten 
the  miner  and  absorb  his  means. 

Nature  has  so  hedged  and  guarded  her  treasure-house  as  almost  to 
justify  the  legends  of  the  early  miners,  that  kobolds,  genii,  demons,  and 
elves,  stood  guard  to  scare  all  intruders.  Apart  from  superstitious  fears, 
it  stands  sure  to-day,  that  nature  exacts  heavy  toll  and  tribute  from 
those  who  seek  to  share  her  treasure,  and  places  the  price  so  high, 
that  gold  will  remain  a  precious  metal,  however  abundantly  it  may 
occur. 

In  the  alluvials  and  gravels  of  the  valleys  we  meet  the  debris  and 
sweepings  of  her  treasure-house;  in  the  brooks  and  rivers,  the  golden 
spoils  of  wasted  rocks  are  offered  to  tempt  us  to  seek  whence  they  have 
come,  for  "  Surely,"  says  Job,  "  there  is  a  vein  for  the  silver,  and  a 
place  for  the  gold,  when  they  find  it.  As  for  the  earth,  out  of  it 
cometh  bread,  and  under  it  is  turned  up  as  it  were  fire.  The  stones  of 
it  are  the  place  of  sapphires ;  and  it  hath  dust  of  gold." 

When  the  sources  of  rich  supply  are  reached,  and  with  toil  and  travail 
we  penetrate  to  the  deep  deposits  that  lie  stored  in  the  embrace  of  the 
suffocating  sulphur,  or  the  poisonous  arsenic,  then  unforeseen  obstacles 
interpose,  and  malign  influences  oppose  steady  resistance  to  the  most 
approved  methods  and  appliances  of  scientific  attainment. 

So  great  have  been  these  obstacles,  and  so  high  the  cost  imposed, 
that,  to  this  time,  man  has  yielded  the  point,  and  allowed  the  low  grade 
pyritous  ores  to  lie  idle  in  their  innumerable  lodes. 

The  prodigal  waste,  and  great  cost  of  the  methods  in  use,  in  working 
even  the  ores  of  free  gold,  are  voluminously  set  forth  and  deplored  in 
the  writings  of  Overman,  Raymond,  Paul,  Kerl,  Kiistcl,  Rittenger, 
and  others,  who  have  examined  the  subject.     The  recorded   result  of 
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their  labors  will  sustain  the  statement  that  over  thirty  per  cent,  of  the 
gold  held  in  the  ore  is  allowed  to  escape  in  the  working. 

The  following  figures  extracted  from  official  documents,  show  the 
percentage  of  gold  lost  at  some  of  the  most  important  mines  in  differ- 
ent parts  of  the  world  : 

The  losses  at 

The  St.  Juan  del  Rey  Mine (5  30  per  cent. 

In  the  Brazils  generally 35        " 

In  Piedmont 35        " 

AtTrell 35  to  40        " 

In  Hungary  and  the  Tyrol 50        " 

In  Chili. 66        " 

Let  us  hope  that  such  may  not  be  the  experience  of  the  future,  as  it 
can  be  shown  that  the  most  refractory  ores,  in  which  at  least  -^  of  the 
gold  of  the  world  is  locked,  may  be  reduced  at  a  cost,  and  with  a 
closeness  of  saving  which  will  in  the  end  utilize  the  unmeasured  stores 
of  a  kind,  and  grade  of  ore  which  has  laid  idle  in  ten  thousand  veins, 
and  thereby  add  untold  treasures  to  the  resources  of  our  country. 


THE  GREAT  ICE  AGE  IX  PEXXSYLYANIA. 


By  Professor  H.  Carvill  Lewis. 

[Abstract  of  a  Lecture  delivered  at  the  Franklin  Iii.stitute,  .January  .5,  188.3.] 


When  Agassiz,  over  forty  years  ago,  after  a  prolonged  study  of  the 
Swiss  glaciers,  announced  the  conclusion  that  large  portions  of  the  con- 
tinents of  North  America  and  Europe  were  once  covered  by  an  immense 
glacier,  thousands  of  miles  in  extent,  and  several  thousand  feet  in 
thickness,  geologists  the  world  over  were  startled  at  what  then  seemed 
a  most  improbable  hypothesis.  To-day  there  is  hardly  a  truth  in 
geology  more  widely  accepted  or  c;ij)able  of  more  conclasive  proof. 

It  Ls  here  proposed  to  inquire  into  the  nature  of  the  facts  which 
have  led  to  such  a  conclusion,  and  especially  to  examine  those  facts  in 
Pennsylvania,  recently  di.scovered,  which  prove  the  great  glacier  to  have 
come  within  sixty  miles  of  our  own  city. 

The  great  "  Northern  Drift,"  as  it  has  long  been  called  by  geologists, 
is  a  scattered  deposit  of  stones  and  clay,  which,  unlike  our  stratified 
gravels  and  clays  at  Philadelphia,  is  a  confused  mixture  irregularly 
dumped  over  the  ground,  thick  in  some  places  and  thin  in  others,  and 
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apparently  unstratified  by  water.  Large  boulders  are  scattered  through 
and  upon  this  deposit,  and  upon  close  examination  many  of  these 
boulders  may  be  seen  to  be  scratched  longitudinally.  They  are  of  all 
sizes  and  shapes,  generally  rounded,  yet  often  sharp.  This  deposit, 
often  called  till  or  hardpan,  is  not  confined  to  the  valleys  and  lowlands, 
but  may  be  found  co\xn'ing  the  whole  northern  portion  of  our  country, 
mountains  as  well  as  valleys,  in  an  almost  continuous  mantle.  Upon 
sharp  mountain  summits,  and  upon  steep  slopes,  it  is  represented  by  the 
boulders  and  scratched  stones  alone ;  but  on  the  other  hand  it  may  be 
as  finely  developed  upon  a  high  mountain  plateau  as  at  the  level  of  the 
sea.  The  till  has  as  much  depth,  and  has  just  as  characteristic  features 
on  the  Allegiiany  plateau  in  Potter  county,  Pennsylvania,  for  example, 
at  an  elevation  of  over  2,500  feet,  as  it  has  at  New  York  City  at  the 
level  of  the  sea. 

[A  photograph  was  here  thrown  ui^on  the  screen,  giving  a  section  of  tili 
at  one  of  the  State  ({uarries  at  Bangor,  ISTorthampton  county,  Pennsylvania. 
Large  boulders  lay  imbedded  in  it  at  all  angles.] 

The  boulders  scattered  in  great  numbers  throughout  the  region 
covered  by  the  Northern  Drift  can  always  be  shown  to  have  been 
transported  from  a  more  northern  region.  The  lecturer  had  found 
boulders  of  syenite  from  the  Adirondack  mountains,  and  of  granite 
from  Canada  of  frequent  occurrence  in  Pennsylvania.  These  are  often 
perched  upon*  mountain  summits,  and  often  are  lifted  from  one  valley 
and  carried  across  a  mountain  range  to  the  south  into  another  valley. 
Tlius  the  lecturer  had  found,  in  the  valley  immediately  south  of  the 
Kittatinny  mountain,  immense  boulders  of  Helderberg  fossiliferous 
limestone  which  had  been  derived  from  outcrops  in  a  valley  north  of 
the  mountain,  the  boulders  having  traveled  across  the  intervening 
mountain  range,  1,500  feet  high. 

[A  photograpli  was  shown  of  a  boulder  of  conglomerate  perched  upon 
the  summit  of  Penobscot  Knob,  2,220  feet  high,  tlie  boulder  having  been 
transported  from  the  next  mountain  on  the  north  and  carried  across  an 
intervening  valley.] 

These  boulders,  as  well  as  the  smaller  stones  imbedded  in  the  till, 
are  frequently  scratched  as  though  by  some  sharp  instrument.  The 
scratches  on  the  stones  are  generally  lengthwise,  and  form  a  charac- 
teristic feature  of  true  till.  Nowhere  outside  of  the  region  covered  by 
the  Northern  Drift,  except  in  the  vicinity  of  glaciers,  do  similar  scratched 
stones  occur. 

[Numerous  specimens  of  scratched  stones  from  various  parts  of  the 
State  M-ere  exhibited,  and  a  photograpli  of  a  large  scratched  boulder  was 
<hown.] 
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On  exposed  surfaces  of  rock,  or  wliere  the  till  has  been  removed  by 
any  means,  the  rocks  may  be  observed  to  be  scratched,  grooved,  or 
polished  as  though  by  the  movement  of  some  solid  heavy  mass  across  it. 

These  grooves  or  striations  are  almost  always  in  a  southerly  direc- 
tion, and  always  correspond  with  the  direction  in  which  the  accompany- 
ing boulders  had  been  transported.  The  rocks  underlying  the  till  are 
ground  off;  all  decomposed  material  having  been  rubbed  off  and  re- 
moved by  the  agent  which  made  the  striae  and  transported  the  boulders. 
No  exposures  of  decomposed  rock,  such  as  may  be  seen  anywhere  in 
the  vicinity  of  Philadelphia  (at  Gray's  Ferry,  for  example),  occur  in  the 
region  of  the  great  Northern  Drift.  The  smooth,  rounded  surfaces  of 
rock  in  that  region  are  sometimes  known  as  "  roches  moutonneesj"  from 
their  resemblance  to  the  rounded  backs  of  sheep. 

[A  photograph  of  striated  roclv  surfaces  on  Godfrey's  ridge,  near  the 
Delaware  "Water  Gap,  were  thrown  upon  the  screen,  and  specimens  exhib- 
ited.] 

Tliese  three  phenomena,  then,  the  mantle  of  till,  the  transpoitcd 
and  scratched  boulders,  and  the  smootiied  or  striated  rock  surfaces,  are 
characteristic  of  the  region  covered  by  the  "  Northern  Drift,"  and, 
witli  the  high-level  gravel  banks  and  other  phenomena  more  particu- 
larly to  be  described  hereafter,  are  common  throughout  large  portions 
of  northwestern  Europe  and  northeastern  America.  It  was  to  satis- 
factorily explain  these  phenomenon  that  Agassiz's  theory  was  proposed. 

The  early  geologists  supposed  that  tliis  great  Northern  Drift  was 
caused  by  an  immense  flood  or  deluge,  the  great  mass  of  which  swept 
furiously  from  the  north  toward  the  south,  engulfing  mountains  and 
valleys  alike,  and  carrying  Ayith  it  great  masses  of  stoues  and  rubbish, 
which,  after  the  subsidence  of  the  flood,  remained  as  the  deposits  just 
described.  It  was  found,  however,  that  no  satisfactory  cause  for  such 
a  flood  or  for  such  wavGS  of  translation  could  be  found ;  nor  could  it  be 
shown  that  water,  however  heavily  laden  with  detritus,  could  either 
scratch  the  stones  it  bore,  striate  and  groove  rock  surfaces,  or  form 
unstratificd  till.  Nor  could  any  flood  transport  great  boulders  across 
successive  mountain  ranges  to  positions  often  higher  than  'the  parent 
rock. 

Another  theory  was  therefore  ])roposed.  Great  icebergs  were  sup- 
posed to  have  floated  upon  an  inland  sea,  and  to  have  both  carried  tiie 
boulders,  and  to  have  striated  any  rocks  on  \viiich  they  miglit  have 
grounded.  On  the  other  liand,  the  absence  of  any  evidences  of  water 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  19 


290  The  Great  Ice  Age  in  Pennsylvania.    [Jour.  Frank.  Inst, 

action  throughout  large  regions  covered  by  the  till,  the  abseuce  of  any  proof 
that  icebergs  can  produce  stripe,  the  difficulty  of  explaining  the  trans- 
portation of  boulders  from  valleys  to  mountain  tops,  and  especially  the 
entire  absence  of  any  shore  line  for  such  an  inland  sea,  militate  strongly 
against  any  such  theory.  The  southern  edge  of  the  "  Northern  Drift" 
beginning  at  the  Atlantic  ocean,  and  extending  westward  across  the 
Alleghanies  in  a  diagonal  line,  is  anything  but  a  shore  line.  This 
theory,  however,  known  as  the  Iceberg  Theory,  is  still  supported  by  a 
few  geologists,  and  will  therefore  be  again  referred  to  in  our  description 
of  the  glacial  phenomena  of  Pennsylvania. 

The  glacial  theory  of  Agassiz,  on  the  other  hand,  somewhat  modi- 
fied by  more  recent  discoveries,  explains  the  observed  facts  and  is  based 
upon  observations  of  phenomena  produced  at  the  present  time.  At 
the  foot  of  many  of  the  Swiss  glaciers  which  have  retreated  from  a 
former  position,  there  may  be  seen  polished  and  striated  rock  surfaces, 
transported  and  scratched  boulders,  drift  deposits,  and  many  other  ap- 
pearances precisely  similar  to  those  exhibited  on  a  larger  scale  in 
northern  Europe  and  America. 

[The  lecturer  here  described  a  personal  examination  of  the  termini  of 
several  Swiss  glaciers,  and  especially  of  a  valley  between  Meyringen  and 
the  Grimsel,  where  the  polished  rocks  high  up  on  either  side  showed  the 
valley  to  be  the  deserted  bed  of  a  glacier.] 

There  are  numerous  proofs  that  the  glaciers  of  Switzerland  were 
formerly  of  enormously  greater  size  than  at  present.  There  are 
boulders  lying  on  the  eastern  flank  of  the  Jura  mountains  which  have 
been  carried  from  Mt.  Blanc  upon  the  bosom  of  a  great  glacier  150 
miles  long,  50  miles  broad,  and  2,000  feet  deep.  An  equally  large 
stream  of  ice  flowed  southward  from  the  same  mountain  far  into 
Italy.  A  colder  climate  must  have  once  prevailed  to  produce  such  a 
great  extension  of  the  glaciers. 

In  America  also,  both  in  the  Rocky  Mountains,  and  in 'the  Sierra 
Nevada,  there  were  formerly  extensive  glaciers,  wdiere  now  none,  or 
only  traces  remain.* 

Coming  now  to  the  great  glacier  of  central  Greenland,  which  with 
its  extensiou  northward  to  the  Pole  makes  a  true  Polar  ice-cap,  it  is 
most  reasonable  to  suppose  that  the  same  refrigeration  of  climate 
which  caused  the  local  glaciers  of  Switzerland  and  of  the  Rocky  and 


*  Similar  evidences  of  the  former  greater  extension  of  glaciers  are  found 
in  many  portions  of  the  globe. 
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Sierra  mouutaiiLs  to   expand,  caused  similar  great  expansion  of  the 
Polar  ice-cap. 

A  sea  of  ice,  more  than  one  thousand  miles  long,  and  thousands  of 
feet  in  thickness,  never  traversed  by  human  feet,  now  covers  the  whole 
interior  of  Greenland,  mountJiins  and  valleys  alike  being  buried  be- 
neath its  mass. 

[A  description  of  tliis  great  mer  de  glace,  as  seen  by  Hayes,  Norden- 
slvjuld,  and  otliers,  was  here  given.] 

Streams  of  ice,  issuing  from  this  Greenland  glacier  often  push  far 
•out  to  sea,  where,  by  the  buoyancy  of  the  water,  great  icebergs  are 
detached.  These  icebergs  are  often  as  much  as  half  a  mile  in  thick- 
ness, getting  aground  in  water  of  that  depth. 

A  sea  of  ice  of  even  greater  thickness  covers  the  Antarctic  continent, 
forming  at  its  edge  a  wall  of  ice  so  high  that  one  could  not  see  over  it 
from  the  top  of  a  ship's  masthead.  Croll  has  estimated  the  thickness 
•of  the  Antarctic  glacier  at  its  centre  to  be  at  least  twelve  miles. 

Imagine  now,  these  great  j)olar  ice-caps  expanded  in  equal  propor- 
tion with  the  local  glaciers  elsewhere,  and  the  glacial  theory  is  before 
ms. 

There  is  every  proof  that,  ages  ago,  the  climate  being  colder  than 
now,  the  great  Greenland  glacier  crept  down  so  as  to  overspread  the 
northeastern  part  of  America  and  the  northwestern  part  of  Europe. 
■Receiving  accessions  from  such  local  centres  of  glaciation  as  Scandi- 
navia, Scotland,  and  possibly  Labrador,  it  ])robably  also  filled  the  bed 
of  the  Atlantic  with  ice  far  south  of  Greenland,  the  edge  of  the  gla- 
cier reaching  from  Xewfoundland  to  southern  Ireland  in  a  concave 
line.  In  its  soutlnvard  advance  this  great  glacier  scratched  off  rock 
•surfaces,  striated  them  in  the  direction  of  its  motion^  and  scratched 
the  fragments  held  in  its  grasp.  Just  as  the  ancient  Swiss  glacier 
carried  boulders  from  Mont  Blanc  to  the  Juras,  so  this  great  continen- 
tal glacier  carried  them  from  Canada  across  Lake  Erie  into  Pennsyl- 
vania. Ju.st  as  the  Greenland  glacier  now  fills  the  valleys  and  over- 
tops the  mountains,  so  this  larger  glacier  advanced  over  mountain  and 
valley  alike,  in  a  continuous  sheet,  to  its  final  halting  place,  only  sixty 
miles  north  of  Philadelphia. 

It  is  probable  that  future  research  will  show  a  similar  great  ice- 
sheet  to  have  advanced  northward  from  the  Antarctic  continent. 

Tiiis  great  northern  glacier,  reaching  in  America  from  Greenland  to 
St.  Louis,  and  from  Alaska  to  New  Jersey,  was  so  thick  as  to  overtop 
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Mt.  Washington,  dropping  transported  boulders  upon  its  summit. 
Even  at  its  very  edge,  as  observed  in  Pennsylvania,  the  glacier  was  at 
least  800  feet  thick.  A  hundred  miles  back  from  its  edge,  among  the 
Catskills,  it  was  at  least  3,100  feet  thick,  while  two  hundred  miles 
farther,  in  northern  New  England  it  was  5,000  feet  thick.  In  northern 
Canada  it  must  have  been  still  thicker. 

The  thickness  of  the  glacier  is  known  by  the  height  to  which  trans- 
ported boulders  and  striated  rock  surfaces  may  be  found.  Thus  in 
Pennsylvania,  the  lecturer  has  found  that  Pocono  Knob,  2,175  feet 
high,  juts  into  the  extreme  edge  of  the  glacier,  having  however  no 
marks  of  glaciation,  and  therefore  showing  the  edge  of  the  ice  not  to 
have  been  deep  enough  to  ride  over  it,  while,  on  the  other  hand,  Pen- 
obscot Knob,  2,250  feet  high,  only  eight  miles  back  from  the  southern 
edge  of  the  glacier,  was  overridden  by  it,  exhibiting  striations  and 
transported  boulders  upon  its  very  summit. 

It  was  this  glacier  which   formed  the  till,  which  dumped    down 
irregularly  the  various  unstratified  deposits  so  characteristic  of   the 
drift-curved  region,   and  which  both  abraded  the  rock  surfaces  and 
transported  and  rounded  the  fragments  which  it  tore  off  in  its  passage. 
The  exact  extent  of  this  great  glacier  is  not  accurately  known  in 
all  portions,  but  is  now  being  studied.     In  general,  it  appears  that  its 
southern  edge  extended  from  Alaska  in  a  southwest  direction  to  the 
northwest  corner  of  Dakota,  whence  it  passed  through  the  centre  of 
Nebraska   and  the  northeastern  corner   of  Kansas,   continuing  east- 
ward through  the  centre  of  Missouri  to  the  Mississippi  river  near  St. 
Louis.    It  then  passed  along  the  southern  edges  of  Illinois  and  Indiana, 
entering  Ohio  at  Cincinnati,  then   trending  northwest  to  the  Penn- 
sylvania line  a  few  miles  north  of  Beaver.     In  Pennsylvania,  as  will 
presently  be  stated  more  in  detail,  it  passed  northwest  from  Beaver 
county  to  Warren  county,  where  it  entered  New  York.     Making  a 
sharp  curve  in  Cattaraugus  county.  New  York,  it  again  entered  Penn- 
sylvania in  Potter  county,  and  passed  southeast  to  Belvidere  in  North- 
ampton county,  where  it  crossed  into  New  Jersey.     Passing  in  a  south- 
east direction   across  New  Jersey  to  Staten  Island,  it  again   entered 
New  York,  and  traversing  the  whole  length  of  Long  Island  finally 
goes  out  to  sea,  appearing  on  Block  Island,  Cape  Cod,  and  at  a  few 
other  detached  points.     The  edge  of  the  glacier  probably  corresponded 
with  St.  George's  bank  and  Sable  Island  shoal  outside  of  Nova  Scotia^ 
and,  passing  southeast  of    Newfoundland  and  south  of    Greenland, 
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probably  crossed  the  Xorthcrn  Atlantic  aud  again  passed  soutlnvard 
outside  of  the  Irish  coast,  so  as  to  enter  the  southwest  corner  of  Eng- 
land. It  appears  to  have  crossed  England  in  a  westerly  direction  so 
as  to  pass  not  far  from  London,  and  then,  crossing  the  North  Sea,  to 
have  traversed  southern  Holland,  northern  Austria,  Saxony,  passing 
near  Dresden,  until  entering  Poland,  south  of  Warsaw,  it  finally  curved 
northeast  in  Russia,  passing  east  of  Moscow,  and  entering  the  Arctic 
Ocean  just  Avest  of  the  Ural  mountains. 

[A  maj)  of  the  world  was  exhibited,  showing  the  approximate  limit  of 
glaciation  ] 

The  glacial  stream  was  reinforced  by  glaciers  from  the  mountains  of 
Scotland  and  Scandinavia,  and  these  local  glaciers  have  been  proved  to 
have  remained  and  to  have  formed  striie  long  after  the  continuous  ice- 
sheet  had  departed.  There  are  many  evidences  of  a  second  glaciation 
of  more  limited  size  and  of  local  origin. 

That  the  phenomena  of  this  great  drift-covered  region  are  due  to  the 
actual  presence  of  a  great  glacier,  rather  than  to  any  open  sea,  bearing 
icebergs,  should  be  forever  settled  by  the  discovery  of  one  crucial  fact, 
the  presence  of  a  terminal  moraine.  A  true  glacier  pushes  up  at  its 
foot  a  mound  of  unstratified  material,  composed  of  angular,  rounded, 
and  striated  fragments  of  rock,  which  the  ice  has  taken  up  at  various 
points  along  its  course  and  carried  to  its  terminus  to  form  a  moraine. 
On  the  other  hand  any  body  of  water  is  bounded  by  a  level  shore  line 
composed  in  great  part  of  water- worn  pebbles. 

By  the  discovery  in  Pennsylvania  and  in  other  portions  of  America 
of  a  true  terminal  moraine,  which,  as  a  continuous  wall  of  unstratified 
^nd  glaciated  material,  crosses  over  mountain  and  valley  alike,  regard- 
less of  toj)ography,  everywhere  forming  the  boundary  between  the 
glaciated  and  the  non-glaciated  region,  the  glacial  theory  has  recently 
been  remarkably  confirmed. 

[Profes!<or  Lewis  here  described  the  investigations  in  New  Jersey,  and 
^long  Long  Island  and  southern  Massachusetts,  which  first  demonstrated 
the  existence  of  a  true  terminal  moraine,  and  referred  to  the  discovery  Of 
similar  moraines  in  Wisconsin  and  Minnesota,  which  nuirked  halting 
places  in  the  retreat  of  the  glacier.  He  stated  that  the  "coteaus"  of  the 
northwestern  prairies  have  been  shown  to  be  parts  of  such  moraines.] 

Convinced  from  personal  observations  as  well  as  from  the  considera- 
tions just  mentioned,  that  it  was  possible  to  trace  a  terminal  moraine 
across  Pennsylvania,  the  lecturer,  having  obtained  the  aid  of  the 
Geological  Survey  of  Pennsylvania,  and  having,  through  part  of  the 
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exploration,  the  able  assistance  of  Prof.  G.  F.  Wright,  had  been  able 
to  follow  and  define  the  southern  limit  of  glaciation  for  the  first  time 
in  a  eontinuons  line  four  hundred  miles  in  length  across  our  State,  and 
to  find  that  it  is  everywhere  marked  by  a  remarkable  accumulation  of 
glaciated  material,  which,  forming  a  great  terminal  moraine,  winds 
across  mountains  and  valleys,  across  deep  ravines  and  high  mountain 
ridges,  from  the  lowlands  of  the  Delaware  to  the  great  Alleghany  pla- 
teau, is  continuous  from  end  to  end,  and  forms  a  feature  of  great 
interest  in  studies  upon  the  glaciation  of  this  country. 

The  method  employed  in  discovering  the  line  of  the  moraine  was  to- 
zigzag  along  its  course  from  tha  glaciated  into  the  non-glaciated  region, 
and  vice  versa,  going  each  time  far  enough  on  the  one  side  to  be  fully 
satisfied  of  the  absence  of  glaciation,  and  on  the  other  to  find  undoubted, 
traces  of  its  action. 

The  distinction  between  the  glaciated  portion  of  Pennsylvania  and 
that  region  south  of  glacial  action  is  very  marked.  Although  the 
general  topography  of  the  two  regions  is  alike,  the  varied  superficial 
features  due  to  glacial  agencies,  the  far  traveled  and  scratched  bouldei"s, 
the  smoothed  and  striated  rock  exposures,  the  unstratified  deposit  of 
impure  clay,  which,  filled  irregularly  with  both  round  and  sharp  stones, 
has  been  called  till,  the  long  hummocky  ridges  of  stratified  sand  and 
gravel  known  as  Karnes,  and  especially  the  numerous  glacier-scratched 
fragments  and  pebbles,  all  these  deposits  are  in  strong  contrast  with 
those  south  of  the  glacial  action,  where  all  the  gravels  are  stratified  and. 
the  pebbles  water-worn,  where  the  rocks  are  never  polished  or  striated^ 
but,  on  the  other  hand,  often  decomposed  to  a  great  depth  and  where,. 
except  near  the  sea  coast,  wide  stretches  of  the  more  elevated  regions 
are  perfectly  free  from  all  drift. 

The  line  separating  the  glaciated  from  the  non-glaciated  region  is 
especially  defined  by  a  remarkable  accumulation  of  unstratified  drift 
material  and  boulders,  which,  heaped  up  into  irregular  hills  and  hol- 
lows over  a  strip  of  ground  nearly  a  mile  in  width,  forms  a  continuous 
line  of  drift  hills  more  or  less  marked,  extending  completely  across  the 
State.  These  hills  vary  in  heiglit  from  a  few  feet  up  to  100  to  200 
feet,  and  while  in  sonic  places  marked  merely  by  an  unusual  collection 
of  large  ti*ansported  boulders,  at  other  places  rise  as  immense  accumu- 
lations to  form  a  noteworthy  feature  of  the  landscape.  AYhen  typi- 
cally developed,  this  accumulation  is  characterized  by  peculiar  contours 
of  its  own.     A   series  of  hummochs  or  low  conical  hills,  alternate- 


April,  1883.]  The  Great  Ice  Age  in  Pennsylvania.  295 

with  short  straight  ridges,  and  enclose  shallow  basin-shaped  depres- 
sions, which  like  inverted  hummocks  in  shape,  are  known  as  kettle 
holes.  Large  boulders  are  scattered  over  the  surface,  and  the  unstrati- 
fied  till  which  composes  the  deposit  is  filled  with  glacier  scratched 
boulders  and  fragments  of  all  sizes  and  shapes.  The  average  \vidth 
of  the  moraine  is  about  one  mile. 

The  two  facts  which  are  of  especial  importance  in  relation  to  this 
line  of  drift  hills  are,  (1.)  That,  as  shown  by  the  absence  of  stratifica- 
tion, by  the  angularity  and  the  striated  surfaces  of  its  enclosed  stones, 
and  by  its  topograpical  position,  it  has  rarely  been  subjected  to  the 
action  of  water  ;  (2.)  That,  as  proved  by  numerous  glacial  strife  and 
by  transported  boulders,  its  course  is  always  at  right  angles  to  the 
direction  of  glacial  movement. 

These  facts,  with  others  about  to  be  given  in  detail,  led  the  speaker 
to  regard  this  accumulation  as  a  true  terminal  moraine,  marking  the 
southern  extension  of  the  great  ice-sheet  of  northeastern  America. 
Like  the  moraine  at  the  foot  of  the  Rhone  glacier,  which,  as  recently 
observed  by  Cliamberlin,  forms  diminutive  hummocks  and  kettle  holes, 
and  has  on  a  small  scale  the  same  characters  and  topography  as  the 
great  moraines  of  Wisconsin,  this  great  Pennsylvania  moraine  appears 
to  have  been  pushed  out  at  the  foot  of  the  great  glacier  of  the  ice  age. 

The  general  course;  of  this  moraine  across  our  State  is  as  follows  (see 
accompanying  map) :  Appearing  first  in  Northampton  county,  a  mile 
below  Belvidere,  at  latitude  40°  49',  it  ai)pears  through  the  stratified 
drift  as  low  gravel  hills,  which,  winding  uj)  over  the  slate  hills  to  the 
west,  are  soon  developed  into  an  accumulation  of  typical  till,  holding 
kettle  holes  and  filled  with  boulders.  Winding  in  a  great  curve 
first  westward  and  then  northward,  it  reaches  the  base  of  the  Kittatinny 
mountain  three  miles  east  of  the  Wind  Gap. 

Ascending  to  the  top  of  the  Kittatinny  mountain,  1600  feet  high, 
the  moraine  (;rosses  over  it,  being  well  shown  upon  the  very  summit, 
and  entering  Monroe  county,  crosses  the  great  valley  between  the  Kit- 
tatinny and  the  Pocono,  enclosing  in  its  course  several  moraine  lakes. 
Having  crossed  this  valley,  and  reached  the  base  of  the  Pocono  escarp- 
ment, it  swings  sharj)ly  back  and  around  Pocono  Knob,  immediately 
afterwards  to  iuscend  the  steep  face  of  the  mountain  to  the  wide  plateau 
on  top,  2100  fcQt  above  the  sea.  Crossing  this  in  a  majestic  curve, 
heaped  u[)  in  an  immense  accunudation,  it  goes  first  north  and  after- 
wards w(!St,  until  it  reaches  the  Carbon  countv  line. 
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Crossing  the  centre  of  Kidder  township,  Carbon  county,  it  reaches 
the  gorge  of  the  Lehigh  river,  some  ten  miles  north  of  Mauch  Chunk. 
It  crosses  the  gorge  at  Hicliory  run,  and,  without  swerving  from  its 
general  northwestern  course,  ascends  mountain  range  after  mountain 
range  in  Luzerne  county,  descends  to  the  valley  of  the  east  branch  of 
the  Susquehanna,  and  crosses  the  river  at  Beach  Haven,  here  forming 
immense  heaps  of  drift,  afterwards  to  be  washed  down  the  river  into 
terraces. 

Then,  in  Columbia  county,  following  along  the  base  of  Huntington 
or  Knob  mountain  for  awhile,  it  finally  ascends  it,  and  crossing  over 
the  summit  at  a  height  of  1500  feet  above  the  Susquehanna  just  below, 
descends  the  north  slope  of  the  mountain  to  the  broad  undulating 
valley  to  the  north.  Taking  a  northerly  course,  it  follows  up  on  the  east 
bank  of  Fishing  creek  to  the  north  or  Alleghany  mountain.  The  sum- 
mit of  the  Alleghanies  in  Sullivan  county  is  covered  with  glacial  striae, 
and  contains  boulders  and  other  marks  of  glaciation.  The  moraine 
entering  Lycoming  county,  passes  westward  along  the  base  of  the 
mountain,  crossing  in  its  course  the  Muncy  and  Loyalsock  creeks,  and 
finally,  near  the  village  of  Loyalsock,  turns  at  right  angles  and  ascends 
the  mountain. 

Having  reached  the  summit  of  the  Alleghenies,  over  2000  feet 
above  the  sea,  it  crosses  the  picturesque  canon  of  Lycoming  creek,  and 
passing  west  through  a  wild,  wooded  region  nearly  as  far  as  Pine  creek, 
it  begins  a  nearly  straight  northwestward  course,  through  the  south- 
west corner  of  Tioga  county,  and  the  northwest  part  of  Potter.  In 
the  high  ground  of  Potter  county,  the  moraine  crosses  a  great  con- 
tinental watershed,  from  which  the  waters  flow  into  the  Gulf  of 
Mexico,  Lake  Ontario,  and  Chesapeake  bay.  The  moraine  is  here 
finely  shown  at  an  elevation  of  2580  feet,  being  higher  than  else- 
where in  the  United  States. 

The  line  of  the  moraine  now  enters  the  State  of  New  York,  in  the 
southwest  corner  of  Allegheny  county.  Passing  still  northwest  and 
entering  Cattaraugus  county,  it  twice  crosses  the  winding  course  of  the 
Allegheny  river,  east  and  west  of  Olean,  then,  trending  to  a  point  five 
miles  north  of  Salamanca,  in  latitude  42°  15',  it  forms  a  remarkable 
apex,  from  whence  to  the  Ohio  line  its  course  is  southwest.  Turning 
at  right  angles  to  its  former  course,  the  moraine  passes  southwest 
through  the  southeast  corner  of  Chautauqua  county,  and  keeping  ap- 
proximately parallel  to  the  course  of  the  Allegheny  river,  re-enters 
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Pennsylvania,  in  Pine  Grove  townshij),  AVarren  county.  It  crosses  the 
OoncAvango  river  seven  miles  north  of  ^Varren,  forming  immense  accu- 
mulations in  the  valley  of  the  river. 

Then  trending  west  in  Warren  county,  still  at  a  general  elevation 
of  nearly  2000  feet  above  the  sea,  it  crosses  one  gorge  after  another, 
and  forms  a  line  separating,  not  only  the  glaciated  from  the  non- 
glaciated  region,  but  also  the  cultivated  from  the  uncultivated  and 
densely  wooded  region. 

In  Crawford  county,  the  line  appears  in  the  southeast  corner,  and 
crosses  Oil  creek  between  four  and  five  miles  northwest  of  Titusville. 

In  Venango  county  it  skirts  the  northwest  and  west  boundary  of  the 
county,  crossing  French  creek  four  miles  west  of  Franklin. 

It  crosses  the  three  northwest  townships  of  Butler  county,  and  the 
southeast  corner  of  Lawrence,  The  Beaver  river  is  crossed  by  the 
moraine  eight  miles  south  of  Xew  Castle. 

The  moraine  traverses  the  extreme  northwest  corner  of  Beaver 
county,  and,  in  the  middle  of  Darlington  township,  thirteen  miles  north 
of  the  Ohio  river,  and  at  a  latitude  of  40°  50',  crosses  the  Ohio  State 
line. 

The  moraine  thus  leaves  Pennsylvania  at  precisely  the  latitude  at 
which  it  entered  the  State,  and  if  a  straight  line  were  drawn  across  the 
State  between  these  two  points,  the  line  of  tlie  moraine  would  form 
with  it  a  right  angled  triangle,  whose  apex  was  100  miles  distant  per- 
pendicularly from  its  base.  The  total  length  of  tlie  moraine,  as  here 
shown,  is  about  400  miles.  The  moraine  crosses  the  Delaware  at  an 
elevation  of  250  feet,  the  Allegheny  at  an  elevation  of  1425  feet,  and 
the  l^eaver  at  an  elevation  of  800  feet  above  the  sea,  or  225  feet  above 
Lake  Erie,    Upon  the  high  lands  it  rises  higher  by  1000  feet  or  more. 

Coming  now  to  the  details  of  the  moraine,  it  will  be  impossible  in 
the  brief  space  of  a  lecture  to  mention  more  than  a  very  few  of  the 
many  interesting  i)henomcna  noticed  all  along  its  course.  The  details 
in  full  will  be  found  in  forthcoming  Re])ort  Z.  of  the  Geological 
Survey  of  the  State.  The  beautiful  photographs  thrown  upon  the 
screen  were  made  l)y  IVIr.  E.  H.  Harden,  of  the  Geological  Survey, 
and  are  the  first  ever  taken  or  exhibited  of  the  Great  Terminal  Mo- 
raine in  any  part  of  the  world. 

[Photographs  were  exhihited  of  the  moraine,  near  Hangor,  Xorthamptou 
county;  details  of  the  same;  moraine  near  Sayloi-sburg,  Monroe  county; 
"kettle-holes"  in  the  same;  moraine  on  sunniiit  of  Pocono  mountain; 
moraine  forming  dam  on  Fishing  creek,  Columbia  county,  etc.] 
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In  Northampton  county,  the  moraine  is  very  finely  developed  west 
of  Bangor,  where  it  forms  a  series  of  "  huramocky  "  hills,  which,  100 
to  200  feet  in  height,  and  covered  with  transported  and  striated  boul- 
ders, rise  abruptly  out  of  a  clayey  plain  to  the  west.  Glacial  striae 
upon  exposed  surfaces  near  Bangor  point  southwest,  or  towards  the 
moraine.  After  following  the  moraine  to  the  base  of  the  Kittatinny 
mountain,  it  became  of  great  interest  to  know  Avhether  a  great  lobe  of 
ice  descended  from  New  Jersey  along  the  lower  side  of  the  mountain^ 
or  whether  a  tongue  projected  through  the  Delaware  Water  Gap,  or 
whether  the  glacier  even  so  close  to  its  southern  limit,  came  bodily 
over  the  top  of  the  mountain,  unchecked  by  it,  and  unchanged  in  its 
course.  The  last,  the  most  improbable  of  these  hypotheses,  and  cer- 
tainly the  least  expected  by  the  speaker,  proved  to  be  undoubtedly  the 
true  one.  The  speaker  had  been  able  to  show  that  the  moraine  crossed 
mountain  near  Offset  Knob,  that  large  boulders,  derived  from  lower 
elevations  several  miles  northvvard,  lie  perched  all  along  the  summit, 
1400  feet  above  the  sea,  and  that,  as  shown  by  the  numerous  strife 
on  the  northern  slope  of  the  mountain,  running  up-hill,  the  glacier 
moved  diagonally  up  and  across  the  mountain,  uninfluenced  in  any 
way  l)y  the  presence  of  the  Water  Gap,  and  finally  came  to  an  end  in 
the  valley  south  of  the  mountain,  as  marked  out  by  the  terminal 
moraine.  Huge  boulders  of  fossiliferous  limestone,  sometimes  30  feet 
long,  were  torn  by  the  ice  from  their  parent  strata  in  Monroe  county, 
on  the  north  side  of  the  mountain,  lifted  up  a  thousand  feet,  carried 
across  the  mountain,  and  dropped  finally  in  the  slate  valley  of  North- 
ampton county.  The  lecturer  had  found  one  of  these  limestone 
boulders  upon  the  very  summit  of  the  mountain,  where  the  jagged 
sandstone  rocks  had  combed  it  out  of  the  ice  during  its  passage  across. 
The  journeys  of  these  boulders  were  short,  but  that  of  a  well-rounded 
boulder  of  Adirondack  syenite,  which  the  lecturer  had  found  in  the 
same  county,  was  about  200  miles. 

In  3fonroc  county,  the  course  of  the  moraine  as  it  winds  from  the  top 
of  the  Kittatinny  mountain  down  to  Cherry  Valley  and  then  up 
again  on  to  the  Pocono,  is  a  complete  vindication  of  the  glacial  hypo- 
thesis. It  is  in  no  sense  a  water  level,  nor  could  it  have  been  formed 
by  floating  ice.  No  other  cause  than  that  of  a  great  glacier  could  form 
a  continuous  accumulation  of  glaciated  material,  Avhich  contains  no 
evidences  of  water  action  and  which  follows  such  a  course.  The  fact 
discovered  that  no  tongues  of  ice  were  protruded  either  through  the 
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Delaware  Water  Gap  or  down  the  broad  valley  between  the  Pocona 
and  Kittatinny  mountains,  indicates  the  immense  size  of  the  glacier. 
Although  more  than  1000  feet  lower  than  the  mountains  and  \'l  miles 
in  width,  the  valley  last  mentioned  deflected  the  southern  boundary  of 
the  ice  but  a  few  miles. 

[There  are  no  strife  indicating  passage  of  ice  tlirougli  the  Water  Gap,  the 
supiiosed  strife  being  due  to  water  action.] 

Again,  neither  on  the  mountains  nor  in  the  valley  does  the  moraine 
rest  against  any  defined  Iwrrier  as  would  be  the  case  were  it  a  shore- 
line. 

The  moraine  is  wonderfully  shown  upon  the  summit  of  Pocono 
mountain,  over  2000  feet  above  the  sea,  where  a  great  ridge  of  moraine 
hills  twelve  miles  long,  one  mile  wide,  and  100  feet  or  more  high,  com- 
posed of  unstratified  till,  and  bearing  numerous  boulders  of  Adh'ondack 
gneisses  and  granites,  rises  out  of  the  level,  sandy  plain  of  the  Pocono 
plateau  and  sweeps  around  from  Pocono  Knob  into  Carbon  count}'. 
Known  locally  as  "Long  Ridge,"  its  origin  has  never  before  been  sus- 
pected. It  encloses  remarkable  little  "  moraine  lakes  "  without  inlet  or 
outlet,  and  is  heaped  up  into  just  such  conical  hills  as  maV  be  seen  in 
the  moraine  in  Southern  ]\Iassachusetts.  Nothing  can  more  clearly 
show  the  continuity  and  uniformity  of  action  of  the  great  glacier  than 
the  identity  of  its  moraine  accumulations  at  such  remote  points. 

[Tlie  lecturer  here  described  some  of  the  strice  of  ]\Ioni'oe  county,  exhib- 
iting photograplis.  One  photograph  represents  cross  strife  seen  south  of 
Stroudsburg.  A  second  movementof  theglaeierdownhill,  afterithud  become 
smaller,  had  crossed  tlie  strite  made  by  a  more  general  movement  of  the  ice. 
He  said  that  the  direction  of  ice  movement  could  often  l)e  told  from  the 
cuneiform  shape  of  the  strire.] 

The  "  A'amrs  "  of  Cherry  Valley,  fine  examples  of  which  appear 
south  of  Stroudsburg,  are  interesting  relics  of  sub-glacial  water  action. 
They  are  composed  of  stratified  water-worn  gravel,  having  often  an 
anticlinal  structure,  and,  as  a  series  of  conical  hills  and  reticulated 
ridges,  enclosing  "  kettle  holes,"  form  conspicuous  objects  in  the  centre 
of  the  valley.  They  appear  to  have  been  formed  by  sub-glacial  rivers,, 
which  flowing  from  the  moraine  bnchcctrds,  under  or  at  the  edge  of  the 
ice,  emptied  into  the  Delaware  Valley.  A  study  of  the  great  sub- 
glacial  drahiage,  of  which  kamcs  are  the  most  prominent  relics,  throws- 
much  light  upon  certain  high-level  stratified  gravels  whose  origin  has 
Wen  suscribed  to  great  cjianges  of  elevation. 
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[Photographs  of  Karnes  in  Cherry  Valley  were  exhibited.  The  lecturer 
then  described  the  ferraees near  Stroudsburg,  and  referred  to  the  Indian  name 
of  tliat  region,  Minisink,  meaning  "  the  waters  have  gone,"  as  an  indication 
of  the  legendary'  memory  of  the  flood  following  the  retreat  of  the  glacier. 
He  exhibited  a  photograph  of  a  glacial  groove  which  he  had  discovered  on 
the  Kittatinny  mountain  near  the  Water  Gap,  which,  six  feet  wide  and 
seventy  feet  long,  had  been  gouged  out  by  some  great  rock  imbedded  in  the 
moving  glacier.] 

Immense  as  was  the  power  of  the  slowly  moving  glacier,  it  had  but 
slight  effect  upon  the  topography  of  the  country.  It  is  a  mistake  to 
suppose  that  glaciers  can  level  down  mountains  or  scoop  out  canons. 
The  glacier  has  merely  "  sandpapered  "  the  surface  of  the  rocks.  Tlie 
glacier  passed  bodily  across  the  sharp  edge  of  the  Kittatiny  mountain 
without  having  any  appreciable  effect  upon  it,  the  glaciated  part  of  the 
ridge  being  as  high  and  as  sharp  as  that  part  south  of  the  moraine. 

In  Carbon  county,  the  moraine  passes  across  the  wild  wooded  region 
in  the  most  northern  township  of  the  county,  enclosing  several  moraine 
lakes  in  its  course  and  crossing  the  Lehigh  near  Hickory  run.  These 
moraine  lakes  are  kettle-holes  holding  water,  while  other  lakes,  such  as 
Long  Pond  on  the  Pocono  plateau,  are  due  to  the  damming  up  of  their 
outlets  by  the  moraine.  An  abundance  of  lakes  is  characteristic  of  a 
glaciated  region,  being  generally  due  to  the  obstruction  of  streams  by 
the  unequal  distribution  of  the  till. 

The  point  where  the  moraine  crosses  the  Lehigh  may  be  distinctly 
seen  by  any  one  traveling  upon  either  the  Lehigh  Valley  Railroad  or 
the  Lehigh  and  Susquehanna  Railroad,  the  contrast  between  the  glaci- 
ated and  the  non-glaciated  regions  being  sharply  defined.  Soutii  of 
the  moraibe,  the  rocks  bordering  the  picturesque  gorge  of  the  Lehigh 
tire  bare  or  covered  with  frost-broken  fragments,  while  the  products  of 
-aerial  erosion  known  as  "Pulpit  Rocks"  may  be  seen.  The  gorges 
formed  by  tributary  streams  are  rocky  and  free  from  gravel.  On  the 
other  hand,  in  the  glaciated  portion  of  the  valley,  a  covering  of  gravel 
and  rounded  boulders  appears  on  either  side,  and  the  drift  has  filled  up 
the  gorges  occupied  by  tributary  streams,  often  transforming  them  into 
shallow  valleys,  while  terraces  and  ridges  of  gravel  appear  in  tiie  river 
valley  itself.  Just  above  White  Haven,  glacial  strise  upon  the  rocks 
may  be  seen  from  the  car  windows. 

The  general  movement  of  the  ice  throughout  this  region,  as  shown 
by  the  striae  upon  the  summit  of  Penobscot  Knob,  2200  feet  high,  is 
south  10°  wast.     This  is  precisely  at  right  angles  to  the  course  of  the 
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moraine.  The  latter  traverses  the  southern  part  of  Luzerne  county  in 
a  direction  north  of  west,  crossing  in  its  course  numerous  mountain 
chains,  by  each  of  which  it  is  local!}-  deflected  northward. 

[The  lecturer  here  described  some  of  the  glacial  phenomena  of  Luzerne 
county.  He  stated  that  at  the  point  where  the  terminal  moraine  crosses 
Buck  mountain,  in  a  line  dia<fonally  across  the  mountain,  the  moraine  is  so 
sharply  defined  that  he  was  able  to  stand  with  one  foot  upon  the  glaciated 
and  the  other  ui)on  the  non-glaciated  region.  He  described  the  fine  kames 
between  Scranton  and  Pittston,  on  the  Lackawanna  river,  and  sliowed  that 
they  were  nearly  parallel  to  the  glacial  strife. 

He  then  gave  some  details  of  the  course  of  the  moraine  as  traced  through 
Columbia  county.  He  stated  that  it  was  interesting  to  find  that  va.  front  of 
a  mountain  chain,  such  as  Huntington  mountain  or  the  Alleghany  moun- 
tain, the  moraine  was  poorly  developed,  as  though  the  mountain  had 
combed  out  the  drift  from  the  ice.  Speaking  of  certain  gravel  deposits 
south  of  the  moraine,  due  to  floating  ice,  he  said  that  the  best  test  of  a 
glaciated  region  is  the  striation  of  its  pebbles. 

He  described  an  instructive  portion  of  the  moraine,  where,  3J  miles 
northwest  of  Berwick,  it  seems  to  abut  against  a  high  slate  hill,  which  fur- 
nishes, therefore,  a  section  of  the  end  of  the  glacier.  It  shows  that  the 
extreme  edge  of  the  ice  was  about  400  feet  thick,  and  that  while  the  moraine 
and  the  scratched  pebbles  were  carried  along  at  the  base  of  the  ice,  sharp 
fragments  of  sandstone  Avere  carried  on  top. 

The  interesting  course  of  the  moraine  along  the  eastern  bank  of  Fishing 
creek  was  described,  where  the  glacier  stopped  abruptly  on  the  downward 
slope  of  a  hill,  stopping  simply  because  its  inertia  became  exhausted.  A 
photograph  of  the  moraine  where  it  crossed  the  creek,  forming  a  great  dam, 
was  exhibited,  and  it  was  shown  that  the  moraine  was  often  steeper  at  the 
back  than  at  its  front  edge— a  fact  analogous  Avith  the  features  of  modern 
Swiss  moraines. 

The  evidences  of  glaciation  upon  the  Alleghany  mountain  in  Sullivan 
county  were  given,  the  strije  pointing  south  9°  west,  and  the  moraine  was 
followed  along  the  base  of  the  mountain  to  a  point  in  L>jcoming  county 
near  Loyalsock,  where  it  climbed  up  to  the  great  Alleghany  plateau,  and 
then,  keeping  at  a  high  elevation,  ])assed  through  Tioga  and  Potter  coun- 
ties into  New  York.] 

That  this  great  region  of  high  elevation  (over  2500  feet)  had  a 
decided  influence  upon  the  general  course  of  the  moraine  is  inferred 
from  the  local  influence  already  shown  by  the  lecturer  to  have  been 
exerted  by  single  mountain  chains,  and  it  is  probable  that  as  the  low- 
lands along  the  Atlantic  allowed  the  ice  to  flow  as  far  south  as  Belvidcre, 
so  this  great  mountain  region,  acting  like  a  wedge,  caused  the  moraine 
to  swing  northward  into  New  York ;  and  so,  too,  the  depressions  of 
Lake  Erie  and  the  Mi.ssis.sissippi  Valley  produced  another  and  more 
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extended  .■southward  flow,  a  portion   of  which  traversed  the  western 
part  of  our  State. 

[Professor  Lewis  here  described  the  remarkable  apex  made  hy  the  moraine 
iiortli  of  Salamanca,  N.  Y.  He  showed  that  it  was  probable  that  the  Alle- 
•gheuy  river  flowed  under  a  tongue  of  the  glacier,  10  miles  broad  and  2 
miles  long,  through  a  sub-glacial  channel  at  the  time  of  its  greatest  extension 
aiear  Olean.  He  described  a  great  natural  dam  acro-ss  the  valley  of  Great 
Valley  creek,  near  Peth,  wliere  the  moraine  stretches  across  the  valley 
from  side  to  side,  and  he  spoke  of  the  contrast  between  the  numerous  drain- 
.age  valleys  which  drained  the  waters  of  the  melting  ice  into  the  Alleghan^^ 
j-iver,  and  those  valleys  which  took  their  rise  south  of  the  moraine  and 
were  free  from  all  drift. 

After  giving  some  details  of  the  western  lobe  of  the  ice  sheet  in  Pennsyl- 
vania, he  spoke  of  some  curious  dei)osits  of  glaciated  matei'ial  which 
■occurred  in  a  narrow  strip  of  ground  immediately  in  front  of  the  moraine, 
and  which  he  had  named  tha  fringe.  These  deposits  consisted  of  boulders 
of  Canadian  granite,  and  other  rocks,  which  he  found  perched  upon  the 
summits  of  hills,  sometimes  as  far  as  five  miles  in  front  of  the  moraine, 
though  never  farther.  This  glacial  "  fringe,"  confined  to  the  western  part 
of  the  State,  was  found  to  increase  in  width  from  two  miles  in  Warren 
county,  to  five  miles  on  the  Ohio  line,  and  was  at  first  a  puzzling  phenom- 
enon. The  hypothesis  proposed  was  that,  like  breakers  on  the  seashore, 
the  top  of  the  ice  overreached  the  lowest  strata  by  the  width  of  the  "fringe," 
and  that  while  the  moraine  marked  the  halting  place  of  the  bottom  of  the 
ice,  by  which  it  was  formed,  the  far-transported  boulders  were  carried  on 
more  rapidly  in  the  top  strata  of  the  ice,  and  were  dropped  outside  of  the 
moraine  to  fonn  the  "  fringe."  Other  facts  observed  in  the  western  part  of 
the  State  were  given,  and  specimens  of  Canadian  boulders  were  exhibited. 
It  was  stated  that  the  strife  in  the  western  part  of  the  State  all  pointed 
southeast,  being  at  right  angles  to  tliose  in  the  eastern  joart  of  the  State, 
but  like  them,  pointing  always  towards  the  moraine.] 

Having  thus  reviewed  briefly  some  of  the  more  important  glacial 
j)henomena  of  our  State,  it  remains  to  inquire  into  the  probable  cause 
of  the  great  glacier,  into  the  origin  of  the  cold  that  allowed  the  polar 
ice-cap  to  creep  down  as  far  as  the  great  terminal  moraine,  and  finally 
into  the  probable  age  of  the  glacial  epoch. 

Among  the  various  causes  assigned,  by  different  writers,  for  the 
glacial  epoch,  the  folloM'ing  may  be  enumerated  : 

1.  Changes  in  the  obliquity  of  the  eclii)tic. 

2.  Changes  in  the  j^osition  of  the  earth's  axis  of  rotation. 

3.  The  precession  of  the  eciuinoxes,  combined  with  a  greater  eccentricity 
of  the  earth's  orbit. 

4.  Variations  in  the  amount  of  heat  given  off  by  tlie  sun. 

5.  Differences  in  the  temperature  of  portions  of  space  passed  through  by 
the  earth. 
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6.  Differences  in  the  distribution  of  land  and  water,  and  differences  in 
the  elevation  of  certain  portions  of  tlie  earth. 

7.  Differences  in  the  flow  of  oceanic  currents,  and  a  cliange  of  direction 
of  the  gulf  stream. 

8.  Changes  in  the  earth's  atmosijliere,  in  its  capacity  for  allowing  tlie 
radiation  of  heat,  in  its  power  of  absorbing  moisture,  in  its  density  and 
height,  in  its  temperature,  and  in  the  height  to  wliich  clouds  can  rise  in 
polar  regions. 

Still  other  causes,  such  a.s  the  gradual  cooling  of  the  earth  from  a 
state  of  incandescence,  have  been  assigned. 

The  most  probable  of  these  theories  are  the  third  and  sixth  of  the 
above  list. 

[Professor  Lewis  here  explained  the  astronomical  changes  which  would 
cause  the  winters  to  be  longer  than  the  sumniers,  thus  preventing  the  melt- 
ing of  the  accumulating  snow.  He  showed  that  owing  to  the  elliptical 
form  of  the  earth's  orbit  we  are  about  3,000,000  miles  nearer  the  sun  in  the 
winter  than  in  the  summer  of  the  nortliern  hemisphere,  but  that  10, -500 
3'ears  ago  this  condition  of  things  was  reversed,  and  that  we  were  nearer 
the  sun  in  summer.  He  showed  also  that  whereas  the  sun  is  now  nearly 
in  the  centre  of  the  earth's  orbit,  about  100,000  years  ago  the  eccentricity  of 
our  orbit  was  much  greater,  the  pole  then  being  8,000,000  miles  nearer  the 
sun  in  winter  than  in  summer.  He  thought,  however,  that  terrei;trial 
causes  were  nmch  more  i^otent  in  causing  the  glacial  epoch  than  anj'  astro- 
nomical changes.  There  is  reason  for  believing  that  in  glacial  times,  the  land 
in  Labrador  and  Greejiland  was  elevated  at  least  600  feet  higher  than  at  pre- 
sent, and  that  at  the  same  time  the  warm  oceaniecurrents  were  withdrawn. 
The  glacier  grew  in  the  neighborhood  of  the  Atlantic  and  Hudson's  Bay, 
■where  moisture  was  abundant,  and  did  not  reach  into  the  dry  interiors  oi 
either  America  or  Asia.  He  explained  Croll's  molecular  theory  of  the 
motion  of  the  ice,  and  suggested  the  possibility  of  a  glacier  flowing  towards 
an  origin  of  heat  without  the  aid  of  gravity.] 

Finally,  it  becomes  of  interest  to  inquire  into  the  length  of  the  gla- 
cial epoch,  and  to  estimate,  if  possible,  the  time  that  has  elapsed  since 
the  glacier  retreated  from  Pennsylvania  to  its  present  home  in  Green- 
land. Astronomical  data  teach  that  the  cold  period  began  240,000 
years  ago.  Now,  just  as  every  year  the  greatest  cold  of  our  wintei'  does 
not  occur  at  the  time  of  the  shortest  day,  but  fully  six  weeks  later, 
so  it  is  evident  that  the  greatest  cold  of  the  glacial  epoch  did  not  occur 
till  many  thousands  of  years  after  the  date  mentioned.  Again,  the 
great  eccentricity  of  our  orbit  ended  80,000  years  ago,  but  just  as  our 
winter  snows  remain  long  into  the  spring,  so  the  great  glacier 
remained  long  after  its  immediate  cause  had  been  witl)drawn.  The 
larger  the  mass  of  ice,  the  longer  it  would  take  to  melt.     Tlicre  are 


304  The  Great  Ice  Age  in  Pennsylvania,    [jour.  Frank.  Inst., 

data  which  lead  us  to  believe  that  the  glacier  did  not  finally  withdraw 
from  the  United  States  until  as  recently  as  10,000  to  15,000  years  ago. 
We  are  here  on  delicate  ground,  for  geological  time  is  relative  rather 
than  absolute,  and  it  is  not  safe  to  fix  dates.  Even  in  history,  all  dates 
back  of  the  time  of  Abraham  are  most  uncertain. 

Special  interest,  hoAvever,  attaches  to  speculations  regarding  the  time 
of  the  close  of  the  glacial  epoch,  since  it  has  been  shown  to  be  closely 
connected  with  the  antiquity  of  the  human  race.  Stone  implements, 
made  by  man,  have  been  discovered  on  both  continents  in  gravels 
deposited  at  the  close  of  the  glacial  epoch.  They  have  been  found  under 
conditions  that  leave  no  doubt  that  man,  in  a  rude  state,  with  habits 
resembling  those  of  the  Esquimaux,  lived  at  the  time  when  the  river 
valleys  were  flooded  with  water  from  the  melting  glacier.  That  man 
existed  before  the  glacial  epoch,  has  been  inferred  from  certain  facts^ 
but  not  satisfactorily  proven.  The  speaker  has  made  careful  search 
in  glacial  deposits  all  along  the  line  of  the  moraine  for  traces  of  man, 
without  success ;  while,  on  the  other  hand,  in  the  post-glacial  gravels 
of  the  Delaware,  as  will  be  shown  in  the  next  lecture,  human  imple- 
ments have  been  found  in  abundance  by  Dr.  Abbott. 

So  important,  therefore,  does  the  time  of  the  final  melting  of  the 
glacier  become,  that  we  are  tempted  to  inquire  still  further,  even  at  the 
risk  of  top  greatly  prolonging  this  lecture,  and  to  gather  what  facts  we 
can  to  bear  on  our  subject. 

It  is  a  question  which  geological  data  alone  are  insufficient  to  solve. 
The  only  clew,  and  that  a  most  unsatisfactory  one,  is  afforded  by  calcu- 
lations based  upon  the  amount  of  erosion.  This,  like  all  geological 
considerations,  is  relative  rather  than  absolute,  yet  several  calculations 
have  been  made,  which,  based  either  upon  the  rate  of  erosion  of  river 
channels,  or  the  rate  of  accumulation  of  sediment,  have  attempted  to  fix 
the  date  of  the  close  of  the  glacial  epoch. 

When  a  student  of  sm-face  geology,  who  has  lived  south  of  glacial 
action,  examines  for  the  first  time  the  true  glacial  drift  and  sees  the 
kame-like  ridges  and  bowl-shaped  depressions  maintaining  regular  out- 
lines and  steep  slopes,  he  cannot  but  be  struck  Avith  the  comparatively 
recent  look  of  these  deposits.  He  cannot  but  believe  that  if  the  great 
periods  of  time  have  ela])sed  since  their  depositions,  which  some  geolo- 
gists maintain,  the  gravel  ridges  would  be  rounded  down  and  the 
kettle-holes  filled  up  by  the  erosive  action  of  frost,  rain  and  wind. 
Recent  investigations  in  glacial  geology  are  bringing  forward  many 
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evidences  that  the  final  disappearance  of  the  glacier  in  eastern  America 
was  not  far  remote. 

Prof.  Cliamberlin's  statement,  that  "no  sensible  denudation  has 
taken  place  in  AVisconsin "since  the  glacial  times  in  either  drift  bearing 
-or  driftless  areas ;"  Mr.  Upham's  remark,  Avhen  speaking  of  the  lakes 
which  dot  the  surface  of  Minnesota,  that  "the  lapse  of  time  since  the 
ice  age  has  been  insufficient  for  rains  and  streams  to  fill  these  basins 
with  sediment,  or  to  cut  outlets  Ioav  enough  to  drain  them ;  though  in 
many  instances  we  can  see  such  changes  slowly  going  forward ;"  and 
Dr.  Dawson's  observation  that  "  In  Canada,  the  character  of  the  river- 
courses  cut  through  the  glacial  beds,  and  their  very  unformed  and 
imperfect  excavation  would  lead  to  the  belief  that  only  a  few  thou- 
sands of  years  have  elapsed  since  the  glacial  beds  were  laid  down ; " 
these,  with  similar  observations  by  the  lecturer,  all  agree  with  con- 
clusions drawn  from  the  good  preservation  of  shells  and  bones  in 
terrace  deposits,  and  the  fact  that  in  zoology  since  the  glacial  age  no 
geological  changes  even  leading  to  the  production  of  varieties  have 
occurred,  in  bringing  the  close  of  the  glacial  age  into  our  own  epoch. 

Prof.  Wright  finds  from  a  study  of  a  glacial  "  kettle  hole "  in 
Massachusetts,  that  the  accumulation  of  peaty  matter  in  it,  whether 
caused  by  growth  of  vegetation  or  by  winds  and  rains,  is  equal  to  a 
.level  depasit  of  eight  feet  in  thickness.  At  the  rate  of  one  inch  in  a 
century,  which  is  probably  less  than  the  true  rate,  this  would  place  the 
close  of  the  glacial  epoch  at  less  than  ten  thousand  years  ago. 

A  still  more  recent  estimate  has  been  made  by  Dr.  Andrews,  who, 
from  calculations  based  upon  the  erosive  action  of  the  great  lakes, 
•concludes  that  the  total  lake  deposits  made  since  the  glacial  epoch, 
were  formed  Avithin  seventy-five  Innidred  years. 

Another  source  of  calculation  is  the  recession  of  the  falls  of  a  river 
since  glacial  times.  The  most  notable  calculation  of  this  kind  is  that 
made  upon  the  recession  of  the  Falls  of  Niagara.  A  gorge  seven 
miles  in  length  has  been  cut  from  Lewiston  to  the  present  falls. 
JBeds  containing  recent  shells  and  mastodon  teeth  occur  in  the  banks 
above  the  gorge,  at  the  whirlpool,  three  miles  below  tlic  falls,  and  also 
•on  Goat  Lsland  above  the  falls,  indicating  that  the  waters  of  Lake 
Erie  once  extended  up  over  the  gorge  and  pi-csent  falls,  and  that  since 
that  period  a  large  portion  of  the  gorge  had  been  excavated.  At  the 
^vhirlpool  is  an  ancient  pre-glacial  channel,  which,  having  been  filled 
Whole  No.  Vol..  CXV. — ^Tiiiku  Series,  Vol.  lx.xxv.)  20 


306  The  Great  Ice  Age  in  Pennsylvania.    [Jour.  Frank.  Inst.j. 

with  drift  in  glacial  times,  forced  the  river  to  cut  a  new  channel  through, 
the  rock  since  that  period. 

There  are  here,  therefore,  data  for  calculating  the  close  of  the  glacial 
epoch.  If  the  whole  gorge  has  been  cut  out  since  that  epoch,  at  the 
rate  of  one  foot  per  year,  thirty-five  thousand  years  would  be  required. 
It  has  been,  Iiowever,  more  than  once  suggested  that  a  portion  of  the 
gorge  is  pre-glacial.  Prof.  Dana  supposed  about  one  mile  of  it  to  be 
pre-glacial,  but  INIr.  Belt,  after  a  personal  investigation,  concludes  that 
the  gorge  above  the  whirlpool  was  excavated  nearly  up  to  the  present 
position  of  the  foils  in  pre-glacial  times.  After  giving  the  evidences 
upon  which  he  founds  his  opinion,  he  says  :  "  If  the  conclusion  at 
which  I  have  arrived  is  correct,  that  the  gorge  from  the  whirlpool  to 
the  falls  is  pre-glacial,  and  that  the  present  river  has  only  cut  through 
the  softer  beds  between  Queenstown  and  the  whirlpool,  and  above  the 
latter  point  merely  cleared  out  the  pre-glacial  gorge  in  the  harder 
rocks,  twenty  thousand  years  or  even  less  is  amply  sufficient  for  the 
Avork  done,  and  the  occurrence  of  the  glacial  epoch,  as  so  measured,, 
will  be  brought  within  the  shorter  period  that,  from  other  considera- 
tions I  have  argued,  has  elapsed  since  it  was  at  its  height." 

A  calculation  of  a  similar  kind  has  been  made  by  Prof.  Winchell, 
U[)on  the  recession  of  the  falls  of  St.  Anthony,  since  the  last  glacial 
epoch.  These  falls,  in  the  JNIississippi  river,  were  discovered  in  1680,. 
and  a  continuous  recoixl  of  their  recession  may  be  found  since  then.. 
A  narrow  gorge,  formed  by  their  recession,  extends  from  the  falls  ta- 
Fort  Snelling,  eight  miles  south.  Below  this  point  the  valley  widens,, 
and  shows  evidence  of  having  been  excavated  in  pre-glacial  times. 
From  the  fulls  to  Fort  Snelling,  however,  the  drift,  which  lies  above 
the  rocky  walls  of  the  gorge,  has  been  cut  through  so  as  to  form  a 
bluff  on  either  side ;  a  fact,  showing  the  post-glacial  age  of  this  gorge. 
An  ancient  channel  of  the  river,  now  filled  with  glacial  drift,  i& 
described  and  tlie  evidence  seems  decisive  that,  since  the  glacial  epoch^ 
the  river,  having  Ijcen  forced  out  of  its  old  fhannel,  has  cut  out  a  new 
one  eight  miles  long,  through  the  rock.  Unlike  the  rocks  at  Niagara, 
those  at  the  falls  of  St.  Anthony  are  horizontal  and  of  unvarying 
comj)osition,  and  any  conclusions  made  here  will  be  of  much  greater 
accuracy.  Prof.'Winchcll  gives  three  separate  measurements,  which 
result  in  the  following  terms  of  years  required  for  the  total  recession^ 
viz.; — 12,103  years;  6,276  years;  and  8,202  years.     He  holds  that 
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an  average  of  these  rates — 8,860  years — represents  the  time  which  has 
elapsed  since  the  maximum  cold  of  the  last  glacial  epoch. 

Thus  we  find,  that  if  any  reliance  is  to  be  placed  upon  such  calcu- 
lations, the  time  of  tlie  melting  of  the  glacier  need  not  be  longer  back 
than  from  10,000  to  15,000  years  ago.  The  conditions  at  that  time 
will  be  treated  of  in  our  next  lecture.  It  may  be  that  as  investiga- 
tions are  carried  further,  they  will  result  not  so  nmch  in  proving  man  of 
very  great  antiquity,  as  in  showing  how  much  more  recent  than  usually 
supposed  was  the  final  disappearance  of  the  glacier.  Here,  however, 
we  are  entering  a  field  where  many  sciences  meet  and  where  each  must 
help  the  other. 

APPARENT   RADIATION  AND  REFLECTION  OF  COLD. 


By  Prof.  Charles.  F.  Himes,  Ph.D.,  Carlisle,  Pa. 


The  explanation  usually  given  in  text-books  of  the  depression  of  a 
thermometer  in  the  focus  of  a  concave  mirror  by  a  piece  of  ice  placed 
in  the  focus  of  an  opposite  similar  mirror,  based  on  the  inecpiality  of 
exchange  of  heat  between  the  bodies,  seems  so  consistent  with  the 
theory  of  exchanges,  that  it  is  generally  accepted  with  little  reflection, 
and  it  is  difficult  to  understand  liow  any  misconception  in  regard  to  it 
can  arise.  Occasionally,  however,  upon  fuller  examination,  questions 
present  themselves  that  seem  quite  perplexing.  In  a  recent  communica- 
tion to  a  prominent  popular  scientific  ])eriodical  the  statement  of  a  leading 
encyclop(jedia,  in  regard  to  the  experiment,  is  criticised  as  an  "obvious 
error,"  and  the  theory  of  exchanges  is  called  in  question^  and,  in  a  sub- 
sequent communication  by  another,  the  difficulty  is  not  very  satisfac- 
torily disposed  of.  It  maybe  substantially  stated  as  follows: — All 
bodies  radiate  heat,  colder  bodies  only  less  than  warmer  ones,  at  a  rate 
dependent  for  each  one  solely  upon  its  temperature.  Thus  the  ther- 
mometer before  the  ice  is  introduced  radiates  heat  at  a  rate  de})endent  on 
its  temperature.  The  introduction  of  the  ice  into  the  focus  of  the  other 
mirror  in  no  inanner  affects  this  radiation^  and  consecpient  loss  of  heat, 
by  the  thcnuoincter,  whilst  the  ice  on  tin;  contrary,  not  being  absolutely 
cold,  radiates  heat,  Avhich  by  reflection  from  the  mirrors  reaches  the 
thermometer,  and  should,  and  does  in  a  measure,  replace  the  heat  lost 
by  its  radiation;  and  yet  in  spite  of  this  increment  of  lieat  the  thermo- 
meter does  not  rise,  but  falls.     The  ai)parent  radiation  of  cold  in  this 
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case,  and  in  all  others,  if  carefully  examined,  will  be  found  to  be  only 
a  case  of  substitution  of  rays  of  feebler  intensity  for  some  of  those 
previously  received  by  a  body,  whilst  the  rate  of  radiation  from  the 
body,  and  consequent  loss  of  heat,  remains  unchanged ;  and  by  con- 
sidering the  part  the  surrounding  objects — the  inclosure — play  in  all 
such  cases  the  apparent  inconsistencies  will  vanish.  When  a  thermo- 
meter has  acquired  a  constant  temperature  in  a  room  it  is  receiving 
and  euiittting  equal  amounts  of  heat.  The  sum  of  the  radiations  from 
the  various  points  of  the  inclosure  equals  the  radiation  from  the  ther- 
mometer. If  a  body  colder  than  the  inclosure  is  now  introduced  near 
it,  as  a  piece  of  ice,  it  will  obstruct  rays  from  numerous  points,  the 
nearer  it  is  to  the  thermometer  the  greater  the  number,  and  will  send 
its  own  feebler  rays  to  the  thermometer,  whilst  it  will  not  in  any 
manner  affect  the  radiation  from  and  consequent  loss  of  heat  by  the 


thermometer,  and  the  thermometer  will  fall  because  the  amount  of  heat 
received  will  be  less  than  that  previously  received,  whilst  that  emitted 
remains  the  same.  The  introduction  of  a  mirror,  as  1,  in  the  figure  so  that 
the  thermometer  shall  be  in  its  focus, does  not  essentially  modify  the  con- 
ditions. The  mirror  cuts  off,  it  is  true,  rays  from  many  points  of  the 
inclosure,  but  the  thermometer  remains  unaffected,  because  rays  are 
substituted  from  other  parts  of  the  inclosure,  by  reflection  from  the 
mirror,  which  did  not  reach  the  thermometer  before.  Thus 
rays  from  A,  C,  B,  are  cut  off  from  the  thermometer  T,  but  are 
replawd  by  rays  ])arallel  to  the  axis  of  the  mirror  from  A'  and  B', 
Avhilst  that  from  C  is  replaced  by  one  from  T  normal  to  the  mirror. 
By  the  introduction  of  a  second  mirror,  2,  parallel  to  the  first,  these 
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rays  from  A'  and  B'  will  also  be  obstructed,  but  will  be  replaced  by 
others,  as  from  A"  and  B",  that  pass  through  the  focus  /of  the  second 
mirror,  and  are  consequently  reflected  parallel  to  its  axis,  and  therefore, 
by  the  first  mirror  to  the  thermometer.  If  a  body  is  placed  in  the 
focus,  /of  the  second  mirror,  it  will  obstruct  the  rays  from  A"  and  B"  as 
well,  and  will  send  its  own  rays  along  the  same  lines  to  the  mirror, 
which  will  reach  the  thermometer,  by  reflection  from  tlie  first  mirror; 
if  the  body  is  colder  than  the  inclosnre,  as  a  piece  of  ice,  these  rays 
will  be  feebler  than  those  from  A"  and  B",  whilst  the  thermometer  will 
radiate  at  the  same  rate  as  before,  and  the  thermometer  will  fall ;  if  it 
is  hotter  than  the  inclosure,  for  similar  reasons,  the  thermometer  will 
rise.  The  preceding  discussion  of  an  ideal  case  omits,  of  course,  many 
factors  involved  in  the  actual  experiment,  as  absorption  by,  and  radia- 
tion, from  the  imperfect  reflectors,  direct  radiation  from  the  body  to 
the  thermometer,  etc.  Allusion  to  these,  whilst  unnecessary,  would 
have  complicated  the  discussion  and  would  have  tended  to  withdraw 
attention  from  the  feature  of  the  phenomenon  to  which  it  was  in- 
tended specially  to  direct  it. 


A  SINGULAR  CASE  OF  CORROSION  OF  STEEL. 


By  Pkof.  Chas.  E.  Munroe,  U.  S.  N.  A. 


Through  the  kindness  of  Chief  Engineer  Farmer,  my  attention  has 
recently  been  called  to  the  appearance  of  two  cold  chisels  found  in  the 
U.  S.  S.  Trinna  in  1874,  and  which  have  since  been  preser%'e<l  in  the 
Department  of  Steam  Engineering  at  the  Naval  Academy.  Tiiese 
chisels  were  taken  from  the  channelway  leading  from  the  jet  condenser, 
and  tliey  were  located  between  the  foot  valve  and  the  air  pump.  Both 
chisels  were  of  steel  throughout,  as  was  2)roved  b}'  tempering  the  head. 
For  use,  of  course,  only  the  points  had  been  tempered.  During  the 
time  of  exjjosure  to  the  action  of  the  salt  water  in  the  channel- 
way  the  chisels  were  deeply  corroded,  but  the  corrosion  was 
confined  entirely  to  the  soft  metal,  the  tempered  points  not  being 
attacked  in  the  least.  The  corrosion  was  deepest  at  the  line  of  contact 
between  the  tempered  jioints  and  the  untemjwred  metal  of  the  haft. 
The  line  of  immei'sion,  on  teuij)ering,  is  as  distinctly  marked  as  if 
di"a\\  n  with  a  shading  |)en.     Since  tnccting  with  thcsi'  chisels,  I  have 


310  Solar  Induction.  [Jour.  Frank.  Inst., 

heard  of  a  similar  case  of  corrosion,  although  the  object  has  been  lost. 
It  was  a  hammer  whicli  had  been  taken  from  the  boiler  of  a  merchant 
steamer,  the  tempered  faces  of  which  were  intact  while  the  soft  metal 
was  corroded. 

Remembering  the  licated  discussion  going  on  in  metallurgical  circles 
on  the  question  '"  What  is  Steel  ?  "  I  shall  not  attempt  to  decide  whether 
the  change  which  takes  place  in  the  tempering  of  steel  is  a  chemical  or 
a  physical  one,  but  it  is  evident  that  this  change  produces  a  body  which 
is  not  so  readily  acted  upon  by  salt  water  as  untempered  steel  is.  It 
is  also  probable  that  when  the  untempered  and  tempered  steels  are 
brought  in  contact  in  the  presence  of  salt  water  we  have  an  electro- 
chemical couple,  and  that  this  hastens  the  destruction  of  the  untem- 
pered metal.  I  beg  to  suggest  that  this  observation  may  have  a  prac- 
tical bearing  upon  the  construction  of  steel  ships. 


Helmholtz's  Theory  of  Double  Electric  Layers. — G.  Lipp- 
mann  examines  Helmholtz's  hypothesis,  that  the  difference  of  potential 
between  two  conductors  which  are  in  contact  implies  the  presence  of  a 
double  electric  layer,  situated  at  the  surface  of  contact.  The  hypothesis 
leads  to  a  parabolic  relation  of  the  second  degree,  between  the  capillary 
tension  and  the  difference  of  potential,  and  admits  of  experiments  which 
lead  to  quantitative  results  tending  to  confirm  the  truth  of  the  hypoth- 
esis. From  these  experiments  he  infers  that  the  mean  value  of  a 
molecular  interval  is  yg o'"g o  o  o  o  ^^  ^  millimetre.  This  value  is  ^  as 
great  as  that  ^vhich  was  found  by  Sir  AVilliam  Thompson  by  an  entirely 
different  method. —  Comptes  JRendus,  Oct.  16,  1882.  C. 

Solar  Induction. — M.  Quet  examines  the  hypothesis  that  the  in- 
ductive forces,  which  the  sun  develops  in  bodies  by  his  rotation,  vary, 
other  things  being  equal,  in  the  inverse  ratio  of  the  squares  of  the  dis- 
tances. For  any  body  moving  in  a  circular  orbit  about  the  sun,  in  the 
plane  of  its  equator,  the  two  forces  of  induction  which  are  applied  to  it 
and  which  are  due,  the  one  to  its  velocity  of  revolution  and  the  other 
to  the  sun's  rotation,  have  a  ratio  equal  to  that  of  the  time  employed  by 
the  sun  to  make  a  complete  rotation  upon  its  axis  and  by  the  revolving 
body  to  complete  its  revolution.  He  gives  a  table  of  the  comparative 
induction  upon  the  several  planets  and  of  the  immense  variations  of 
electric  energy  in  comets,  when  approaching  and  receding  from  peri- 
belion. — Comptes  Rendus,  Oct.  16,  1882.  C. 
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Production  of  Organic  Acids  by  Electrolysis. — Bartoli  and 
Papasogli  have  lately  published  some  curious  electrolytic  experiiueuts. 
They  employed  as  eleotrodes,  in  a  water  voltametre,  carbons  of  coke  or 
-of  wood  purified  by  chlorine,  and  noticed  that  the  carbons  were  attacked, 
so  that  the  liquid  became  black;  with  1:^00  Daniells  acting  for  a  month 
without  interrnption,  the  liquid  acquires  an  acid  reaction  and  yields 
the  compounds  of  the  benzo-carbonic  series,  mellitic  acid,  with  its 
derivatives,  and  a  black  substance  composed  of  carbon,  hydrogen  and 
oxygen,  slightly  soluble  in  water  and  insoluble  in  alcohol  and  chloro- 
form. The  same  results  were  obtained  in  various  acid  or  alkaline 
solutions.  If  graphite  is  em])loyed  the  liquid  does  not  become  colored. 
.  — Liim.  Electrique.  C. 

Influence  of  Electricity  on  Vegetation.— M.  Macagno  has 
experimented  near  Palermo  upon  the  influence  of  atmospheric  elec- 
tricity on  the  growth  of  grape  vines.  Sixteen  feet  were  submitted  to 
the  action  of  an  electric  current,  by  means  of  a  copper  wire  inserted 
by  a  platinum  point  in  the  extremity  of  a  fruit-bearing  branch,  while 
another  wire  connected  the  branch  at  its  origin  with  the  soil.  The 
experiment  lasted  from  April  to  September.  The  wood  of  the 
branches  which  were  experimented  upon  contained  less  potash  and 
other  mineral  matters  than  the  rest  of  the  vine,  but  the  leaves  had  an 
excess  of  i)otash  under  tlie  form  of  bitartrate;  the  grapes  collected 
from  the  electrized  branches  furnished  more  must,  contained  more 
glucose  and  were  less  acid. — Les  Mondes.  C. 

Analysis  of  Animal  and  Vegetable  Fibres. — Rough  analyses 

of  textile  hbi'es  may  be  made  by  burning  or  by  boiling  in  nitric  acid. 
Animal  fibres  emit  jieculiar  odor,  burn  with  difficulty,  and  leave  a 
spongy  coal;  vegetables  fibres  burn  readily, without  appreciable  residue 
and  almost  without  smell.  In  nitric  acid  silk  becomes  bright  yellow  ; 
"wool  deep  yellow;  cotton,  hemp  and  linen  remain  white.  A  better 
way  is  first  carefully  to  wash  the  stuff,  then  rinse  it  thoroughly  and  dry 
it.  The  sample  is  then  2)laced  in  a  solution  of  caustic  soda  and  boiled 
until  the  animal  matter  is  dissolved.  The  residue  is  j)oured  ujwn  a 
filter,  which  retains  the  vegetable  fibres;  these  are  washed,  to  remove 
all  traces  of  soda,  dried  and  weighed.  If  the  sample  originally  weighed 
5  gr.  and  the  residue  weighs  1.5  gr.,  the  animal  fibre  must  have  been 
3.5  gr. ;  in  other  wonls,  the  proportion  of  wool  in  the  n)aterial  is  70 
percent. — Bull,  de  la  Soc.  d^Encour,  Aug.,  1882.  C. 
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Air-proof  Cement. — C.  Pascher  finds  that  the  only  substance  which 
is  really  efficacious  for  rendering  cements  unalterable  by  the  air,  is  a 
cold  solution  of  one  part  of  sulphate  of  iron  in  three  parts  of  water. 
The  cement  articles  are  left  in  the  solution  for  twenty-four  hours;  at 
the  end  of  this  time  they  take  a  greenish-black  tint,  due  to  the  hydrated 
protoxide  of  iron.  The  absorbed  solution  is  decomposed  in  the  inte- 
rior of  the  cenient ;  the  weight  of  the  cement  is  increased  ten  per  cent.; 
all  the  pores  of  the  mass  are  thus  stopped  by  the  hydrate,  and  as  this- 
combination  is  not  attacked  by  the  air,  the  cement  itself  becomes  unal- 
terable. Cement  facings  may  be  whitewashed  with  several  coats  of 
the  solution.  After  drying  the  cement  may  be  covered  with  a  wash 
of  ochre,  or  by  a  solution  of  ten  per  cent,  of  sulphate  of  alumina  in 
three  parts  of  water.  For  a  greenish- white  coating,  the  surface  may 
be  first  washed  with  a  solution  of  chrome  alum  and  then  with  soap- 
suds. Either  of  these  coats  may  be  painted  in  distemper.  When  oil 
colors  are  used  upon  naked  cement  they  easily  scale  oii.  This  incon- 
venience may  be  avoided  by  washing  the  cement  with  soap-suds,  letting- 
it  dr}^,  and  rubbing  with  a  brush  or  linen  cloth  until  the  surface  shines. 
— Chron.  Indiisfr.,  No.  41.  C. 

Tornadoes  in  the  United  States.— M.  Faye  acknowledges  the 
receipt,  from  General  Hazeu,  of  Finley's  report  on  the  character  of  six 
hundred  tornadoes,  which  have  been  observed  in  the  United  States 
during  the  present  century.  He  finds  evidence  in  the  report  of  a  large 
opening  in  each  tornado,  in  which  all  the  living  force  due  to  the  in- 
equalities of  velocity  in  the  upper  current  is  stored.  The  direction  of 
372  tornadoes  was  definitely  determined  ;  310  came  from  the  S.  W., 
38  from  the  N.  W.,  18  from  S.  S.  E.,  5  from  W.  N.  W.,  3  from  N. 
N.  E.  Hence  it  appears  that  the  tornadoes  are  formed  almost  exclu- 
sively in  the  dangerous  semi-circle  of  a  cyclone,  and  almost  always  a 
little  in  advance.  The  simultaneous  groups  of  tornadoes  are  found, 
almost  without  exception,  in  the  afternoon,  from  3  to  7  o'clock.  The 
hours  from  4  to  5  o'clock  are  those  in  which  the  atmosphere,  heated  to 
its  maximum  at  about  2  o'clock  and  consequently  expanded,  descends 
by  cooling.  The  upper  currents  which  control  the  cyclones  are  due  to 
slight  differences  of  level,  like  the  ocean  and  river  currents.  M.  Faye 
re<-ommends  that  houses  should  be  built  facing  one  of  the  four  car- 
dinal points  and  provided  with  barometers,  which  all  the  inmates  should 
learn  to  read  and  understand. —  Comptes  Rendus,  Oct.  1(5,  1882.    C. 
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Influence  of  Temperature  on  Metalloid  Spectra. — Kirch _ 

hoff  and  Bunsen  liav^e  shown  that  the  temperature  of  the  flame  in  which 
a  metal  is  reduced  to  vapor  ha.<  no  influence  upon  the  position  of  the 
brilliant  lines  in  its  spectrum.  When  the  temperature  is  raised,  fine 
new  lines  usually  appear,  hut  those  which  were  showu  at  lower  tem- 
peratures still  remain.  This  is  not  the  case,  however,  with  metalloids^ 
Pliicker  has  shown  that  they  give  two  different  spectra,  according  a» 
the  tubes  are  heated  by  the  ordinary  spark  or  by  that  of  tlie  Leyden 
jar.  Van  Monckhoven  has  found,  by  numerous  experiments,  that  it 
is  possible  to  produce  the  spectra  which  have  usually  been  attributed 
to  high  temperature  at  very  low  temperatures,  and  vice  versd.  By  a 
critical  experiment  he  wjis  able  to  produce  the  two  spectra  superposed, 
60  that,  according  to  Pliicker's  hypothesis,  the  gas  should  have  had  at 
the  same  instant  two  different  temperatures,  which  is  of  course  inad- 
missible. He  attributes  the  change  of  spectra  to  a  special  vibratory 
state  of  the  molecules,  directly  dependent  upon  the  nature  of  the  elec- 
tricity employed. — Comptes  Rendus,  xcv,  520.  C. 

Nature  and  Propagation  of  Electricity. — A.  Ledieu  commu- 
nicates a  note  on  the  rational  conception  of  the  nature  and  propagation 
of  electricity,  deduced  from  the  consideration  of  the  potential  energy  of" 
aethereul  matter  associated  with  ponderable  matter,  and  from  the  mode 
of  production  and  transmission  of  the  work,  which  comes  fr^m  varia- 
tions of  that  energy.  He  calls  special  attention  to  the  fact  that  the  nu- 
merous values  which  have  been  obtained,  experimentally,  for  the  co- 
efficient of  transformation,  oscillate  about  the  numerical  value  of  the 
velocity  of  light.  This  circumstancje  shows  an  intimate  relation  be- 
tween electricity  and  the  cosmic  lether.  It  is,  moreover,  accompanied 
by  many  others,  such  as  the  double  refraction  of  glass  and  of  certain 
liquids  under  the  influence  of  the  induction  spark ;  tiie  rotation  of  the 
light  reflected  upon  a  magnet ;  the  action  of  light  upon  the  electric  con- 
ductibility  of  selenium  in  the  photophone.  M.  Ledieu  considers  that 
the  hydrodynamic  imitations  of  electric  and  magnetic  effects,  by  Bjer- 
knes  and  Decharme,  furnish  only  false  analogies,  and  he  thinks  it  in- 
disi)ensable,  while  abandoning  the  notion  of  electric  flow,  neither  to 
assume  the  idea  of  waves  nor  of  molecular  shocks,  but  simply  ta 
consider  the  action  of  central  forces. —  Cumpfes  Hcndn.s,  Oct.  16^ 
1882.  C. 
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Signals  to  Prevent  Collisions  at  Sea. — Captain  Littrow,  of 
the  Austrian  marine,  proposes  to  add  to  the  green  lantern  upon  the 
Tight  and  red  upon  tlie  left  of  the  vessel,  two  similar  lanterns  upon  the 
prow.  In  this  way,  when  two  ships  are  in  a  straight  line  the  lights 
of  the  stern  are  hidden  by  those  of  the  prow;  if,  then,  one  of  the  boats 
turns  to  the  right,  it  displays  the  red  lights  of  its  left,  and  the  other  ship, 
turning  in  the  opposite  direction,  will  show  the  green  lights  of  its  right. 
If  one  of  the  ships  should  see  suddenly  before  it  two  red  or  green 
lights  its  path  would  be  perj)endicular  to  that  of  the  vessel  which  it 
Is  approaching,  and  it  should  stop  immediately. — Chron.  Industr., 
No.  41.  C. 

Origin  of  Storms. — Spring  attributes  the  appearance  of  a  thun- 
der-storm to  a  sudden  condensation  of  atmospheric  vapor,  not  into  a 
mist  but  into  hail.  The  source  of  the  electricity  is  the  rupture  of  the 
adherence  of  the  air  to  the  particles  of  hail ;  the  electric  influence  then 
-carries  the  electricity,  which  was  accumulated  upon  each  particle  of 
ice,  to  the  particles  which  form  the  limit  of  the  frozen  region.  Abbe 
Aloigno  fears  that  this  theory  rests  on  a  vicious  circle,  for  the  conden- 
sation of  water,  under  the  form  of  hail  or  of  rain,  can  only  take  place 
by  reason  of  an  electric  discharge.  All  the  secret  of  thunder-storms 
is  to  be  found  in  a  nimbus  encountered  by  a  very  cold,  very  dry  and 
liighly  electrified  cirrus. — Les  Mondes,  iii,  254.  C. 

The  Sense  of  Direction  in  Animals. — The  remarkable  faculty 
which  cats,  dogs,  pigeons,  and  other  animals  possess,  of  returning  in  a 
straight  line  to  a  point  of  departure,  has  awakened  much  curiosity  on 
the  part  of  naturalists.  Some  refer  it  to  instinct,  some  to  intelligence 
similar  to  that  of  man,  some  to  an  internal  mechanism  which  makes 
the  animals  simple  automata;  but  none  of  these  attempted  explana- 
tions do  anything  towards  solving  the  mystery.  Wallace  supposed 
that  when  an  animal  is  carried  to  a  great  distance  in  a  basket,  its  fright 
makes  it  very  attentive  to  the  different  odors  which  it  encounters  upon 
the  way,  and  that  the  return  of  these  odors,  in  inverse  order,  furnishes 
the  needful  guide.  Toussenel  supposes  that  birds  recognize  the  north 
as  the  cold  quarter,  the  south  as  the  warm,  the  east  (in  France)  as  the 
dry,  and  the  west  as  the  moist.  Viguier,  in  the  Revue  Philosophique, 
publishes  an  original  memoir  upon  the  sense  of  orientation  and  its 
■organs,  in  which  he  attributes  the  faculty  to  a  perception  of  magnetic 
currents. — Chron.  Industr.,  Nov.  2,  1882.  C. 
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New  Method  of  Cutting  Glass. — ^I.  Fahdt,  of  Dresden,  uses 
metallic  wires  heated  to  redness  by  electricity,  lor  cutting  glass.  When 
the  circuit  is  closed  the  Avire  communicates  its  heat  to  the  glass,  which 
cracks  under  the  influence  of  a  sudden  cooling  by  contact  with  a  moist 
body.  To  remove  the  inequalities  of  the  section,  it  is  expo.sed  to  a 
flame  by  turning  so  that  the  flame  will  reach  all  the  points.  The 
object  is  then  placed  in  an  oven,  in  order  to  prevent  the  parts  which 
nave  been  heated  by  the  flanu?  from  cooling  too  suddenly.  — Chron. 
Industr.,  No.  .')7.  C. 

Combustion   of   Carbon  at   High  Temperatures. — It  has 

generally  been  believed  that  high  temperatures  favor  the  formation  of 
carbonic  acid,  Avhile  low  temperatures  favor  the  formation  of  carbonic 
oxide.  Prof.  Ledebur  has  burnt  definite  weights  of  charcoal  at  dif- 
ferent temperatures  with  definite  volumes  of  air,  measuring,  in  each 
instance,  the  quantities  of  carbonic  acid  ar.d  of  carbonic  oxide  which 
were  given  off.  On  gradually  increasing  the  temperature  from  r550° 
to  1100°  (662°  to  2012°F.)  he  observed  an  increasing  proportion  of 
carbonic  oxide  and  a  decreasing  proportion  of  carbonic  acid.  At  the 
highest  temperature  the  gas  was  almost  exclusively  carbonic  oxide. 
These  results  are  contrary  to  the  theories  which  have  been  generally 
admitte<l  by  metallurgists. — Chron.  Industr.,  No.  40.  C. 

Limits  of  Electrolysis. — The  labors  of  Joule  and  Favre  have 
established  some  definite  relations  between  electro-motive  forces  and 
the  heats  of  combination  in  metals.  Tiie  application  of  these  laws  to 
the  electrolysis  of  salts  is  often  very  obscure,  especially  where  second- 
ary actions  are  produced  and  where  it  is  desired  to  know  the  exact 
sum  of  all  the  energies  which  really  concur  in  the  electrolytic  phe- 
nomenon. Berthelot  has  accordingly  studied  na.scent  electrolysis, 
before  the  composition  of  the  saline  solutions  has  been  complicated  by 
the  progress  of  decomposition.  He  finds  that  the  limit  of  the  effica- 
cious electro-motive  forces  is  unciertain  when  there  is  j)olarization  :  in 
order  to  allow  for  the  polarization  it  would  be  necessary  lo  know  the 
real  nature  of  the  compounds  and  their  proper  heat  of  formation. 
Independently  of  this  complication,  he  finds  in  electrolysis,  as  in 
thern)o-chemistry  and  in  a  multitude  of  natural  phenomena,  the 
mechani(;al  princij)le  of  least  action. — Ann.  dc  Cliiin.  et  de  Phy.s., 
xxvii,  No.  89.  C. 
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"Watch  Glasses. — The  watch  glasses  which  are  now  used  are 
moulded  by  a  process  which  was  invented,  in  1791,  by  Pierre  Royer, 
a  Parisian  manufacturer.  C.  Launier  gives  an  interesting  description 
of  one  of  the  large  factories  and  of  the  different  processes  of  manufac- 
ture. Two  and  a  half  million  watches  are  now  made  annually,  and 
more  than  seventy  millions  have  been  sold  within  the  last  half  century. 
On  account  of  the  large  consumption,  and  the  large  stocks  which  every 
watchmaker  requires  to  keep  on  hand,  the  annual  product  of  watch 
glasses  cannot  be  less  than  a  hundred  million. — La  Nature,  Oct.  21, 
1882.  C. 

Irrigation  in  Algiers. — M.  Jus  has  addressed  to  the  French  So- 
ci6t6  d^Encouragement  some  notices,  charts,  and  pictures  referring  to 
the  Algerian  oases  and  the  animals  which  live  in  the  artesian  wells. 
He  gives  interesting  statistics  respecting  the  settlements,  the  dwellings^ 
the  })alm  and  fruit  trees,  the  value  of  the  annual  products,  the  increase 
and  results  of  irrigation,  which  have  raised  the  annual  production  from 
1,654,000  francs  in  1856  to  5,549,018  francs  in  1880.  The  improve- 
ments have  saved  from  ruin  many  oases  which  were  upon  the  point  of 
being  relinquished,  and  have  extended  the  ble.ssing  of  peace  over  a 
region  which  was  always  at  war  before  the  French  occupation ;  more- 
over, they  have  largely  increased  the  material  well-being  of  the  native 
tribes. — Bull,  de  la  Soc.  (VEncour.,  Aug.,  1882.  C. 

Injurious  Modes  of  Lubrication. — Schoudorf  recounts  the  ex- 
aminuiiou  of  the  large  cylinder  in  a  Woolf  engine,  employed  in  the 
mines  of  Sarrebruck.  On  opening  the  cylinder  there  was  found  upon 
the  piston  a  brown,  wax-like  mass,  weighing  more  th^n  150  kilo- 
grammes (330*7  lbs.).  It  contained  60  per  cent,  oxide  of  iron,  26'77 
per  cent,  of  organic  matters  soluble  in  alcohol,  5'7  per  cent,  of  insolu- 
ble organic  matter,  the  residue  being  composed  of  water  with  a  little 
silicic  acid.  The  cylinder  had  been  in  use  for  about  a  year,  during 
which  time  192  kilogrammes  of  suet  had  been  employed  for  lubrica- 
tion. The  decomposition  of  the  suet  by  steam  into  glycerine  and  fatty 
a(!ids  led  to  the  formation  of  a  .soap  of  protoxide  of  iron.  The  oxida- 
tion of  the  iron,  which  is  limited  chiefly  to  the  interior  surface  of  the 
cylinder,  gradually  produces  an  enlargement  of  the  diameter.  The 
evil  may  be  obviated  by  using  as  a  lubricant  mineral  oil  of  good  quality, 
which  boils  only  at  a  very  high  tempen^ture. —  Cliron.  Indusir.,  Oct. 
12,  1882.  C. 
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A  New  Genesis. — On  a  beautiful  summer's  night,  August  22, 
1794,  Jerome  and  Lcfranyais  de  Lalande  noticed  a  star  in  Aquarius, 
whicli  they  estimated  of  the  7^  magnitude.  Six  years  later  they 
thought  it  of  the  8  magnitude.  In  appearance  it  resembles  a  star, 
which  is  not  exactly  in  the  focus  of  the  telesccpe.  Herschel  had 
observed  it  in  September,  1782,  and  recorded  it  as  an  admirable  plane- 
tary nebula,  very  brilliant,  small,  and  elliptical.  Lord  Rosse  and 
Lassell  perceived  that  it  was  surrounded  by  a  ring,  whicli  gives  it 
somewhat  the  appearance  of  Saturn.  The  spectroscopic  observations 
of  Huggins  indicate  that  it  is  a  gaseous  mass,  in  which  nitrogen  and 
hydrogen  predominate.  Most  of  the  other  planetary  and  animlar 
nebuliE  give  similar  results.  In  1871  and  1872,  Brunnow,  the  Irish 
astronomer  royal,  measured  its  parallax,  and  concluded  that  its  distance 
is  more  than  404,000  times  as  great  as  that  of  the  sun,  and  its  diame- 
ter is  probably  greater  than  that  of  the  entire  solar  system.  This 
would  make  its  volume  more  than  338,896,800,000,000,000  times  as 
great  as  that  of  the  earth.  AVe  have  thus  before  our  eyes  a  new  sys- 
tem, which  is  probal)ly  undergoing  the  process  of  condensation,  through 
which  our  sun  and  its  attendant  planets  passed  hundreds  of  millions 
of  years  ago. — L'Ash'onomie,  Oct.,  1882,  C. 
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Hall  of  the  Institute,  March  21,  1883. 

The  stated  meeting  of  the  Institute  was  held  at  the  usual  hour,  with 
the  President,  Wm.  P.  Tatham,  in  the  chair. 

Present,  220  members  and  30  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  meeting  held  March  14,  1883,  16  persons  had 
been  elected  to  membership. 

The  Secretary,  from  the  Committee  on  Science  and  the  Arts,  reported, 
by  instruction,  that  the  Committee  had  reconmiended  the  award  of  the 
Scott  Legacy  Medal  and  Premium  to  Hugo  Bilgram,  of  Philadelphia 
for  his  improvement  in   Gearing  for  Metal  Planers,  and   to  Thomas 
Shaw,  of  Philadelphia,  for  his  impiovement  in  Fi-iction  Buffers.     He 
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also  reported  that  the  above  reconimenclations  had  been  duly  advertised 
for  three  months,  and  that  no  objections  had  been  offered  thereto. 

The  recommendations  were  thereupon  taken  up  separately  and 
approved  without  dis.senting  vote,  and  the  Secretary  was  instructed  to 
.notify  the  Committee  on  Minor  Trusts  of  the  Board  of  City  Trusts,, 
of  the  action  of  the  Institute. 

The  Special  Committee  on  the  Prevention  of  Fires  in  Theatres 
reported  progress,  and  was  continued. 

Mr.  William  B.  Le  Van  then  read  a  paper  entitled  "Sixty  Miles  an 
Hour  on  Present  Road-beds."  The  speaker  claimed  that  this  average 
speed  could  readily  be  maintained  upon  existing  road-beds  by  intro- 
ducing a  suitable  cut-off  valve  upon  the  locomotives.  He  exhibited  a 
series  of  diagrams  taken  from  well-known  locomotives,  showing  their 
relative  economy.  Among  them  Avere  diagrams  from  a  locomotive  in 
use  on  the  Central  Pacific  Railway,  and  provided  with  a  cut-off  valve, 
which  showed  a  very  close  approximation  to  the  theoretical  diagram 
(about  90  per  cent.),  and  showing  a  mean  effective  pressure  in  the 
cylinder  of  92  pounds  to  the  square  inch ;  whereas,  in  the  diagrams 
taken  from  our  best  fast  passenger  locomotives,  the  average  mean 
pressure  in  the  cylinder  only  averaged  44  pounds,  and  the  efficiency 
of  the  engines  averaged  but  60  per  cent.  The  speaker  also  advocated 
the  use  of  higher  pressures  (up  to  210  pounds)  as  a  measure  of  economy. 
The  paper  has  been  referred  for  publication. 

Mr.  AVilliara  Morris  Davis  followed  with  a  paper  on  "  Charcoal  as 
applied  to  the  Deposition  of  Gold  from  Chlorine  Solutions,  and  its 
perfect  Separation  from  Copper  and  other  Impurities."  The  paper  is 
published  in  this  issue  of  the  Journal. 

Mr.  Otto  C.  Wolf,  by  request,  described  a  large  sized  model  repre- 
senting the  valve  mechanism  of  William  F.  Goodwin's  High  Speed 
Engine.  The  peculiarity  of  this  engine  consists  in  having  four  dis- 
tinct valves — two  steam,  and  two  exhaust  valves — circular  in  form^ 
similar  to  those  in  use  on  the  Corliss  engine,  but  differing  in  respect 
to  location,  two  being  placed  in  the  front  head  and  two  in  the  back  head 
of  the  cylinder,  thereby  reducing  the  clearance  space  to  a  minimum. 
The  clearance  is  further  reduced  by  providing  projections  or  lugs  on 
both  faces  of  the  i)iston,  which  fill  the  inlet  and  outlet  ports  when  the 
piston  is  at  the  extreme  ends  of  its  stroke,  thereby  reducing  the  clear- 
ance in  practice  to  1"8  per  cent,  of  piston  displacement. 

Mr.  Wolf  here  took  exception  to  Mr.  Le  Van's  statement  that  the 
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placing  of  an  independent  ('iit-olf'  valve  upon  locomotive  engines 
would  overcome  the  wire-drawing  that  nearly  all  the  indicator  cards 
showed  at  high  speeds.  Mr.  Wolf  made  the  point  that  thcisteam  pas- 
sages were  not  properly  proportioned,  and  even  if  the  cut-off  gear 
would  allow  entire  opening  of  the  ports,  the  passages  themselves  would 
wire-draw  the  entering  steam.  An  instance  was  cited  where  the  steam 
would  require  to  have  a  velocity  of  over  20,000  feet  per  minute  to  fol- 
low the  piston  at  the  high  speed  of  the  engine.  If  the  question  of 
port  area  were  properly  considered  and  proportioned  to  the  maximum 
speed  desired  of  the  engine,  future  locomotive  indicator  cards  would 
not  be  subject  to  the  criticism  that  they  are  at  present.  By  such  an 
arrangement  of  valves  as  in  Mr.  Goodwin's  model,  this  could  be  done 
without  increasing  the  clearance  space.  Mr.  Rufus  Hill  had  demon- 
strated upon  the  engines  of  the  Camden  and  Atlantic  Kailroad  the 
importance  of  this  question. 

Mr.  Le  Van  asked  why  the  exhaust  valves  were  not  placed  on  a 
level  with  the  bottom  of  the  cyliud-^r  instead  of  being  located  some  4 
inches  above  the  bottom,  thereby  incurring  the  risk  in  locomotive  prac- 
tice of  damming  the  water  in  the  cvlinder  instead  of  "-ivino;  free  access 
of  the  same  by  gravity  to  the  exhaust  port,  as  is  ordinarily  done  in  the 
Corliss,  Wheelock,  Buckeye,  and  other  engines. 

Mr.  Goodwin  replied  that  Mere  he  to  place  the  exhaust  valves  as  sug- 
gested by  Mr.  Le  Van,  he  Avould  be  uuabic  to  have  the  projections  or 
lugs  on  the  piston  to  assist  in  reducing  the  clearance  as  above  stated. 

Mr.  Robert  Grimshaw,  by  recpiest,  exhibited  on  the  screen  several 
views,  showing  the  action  of  the  valve  movement  of  the  Shaw  Loco- 
motive, explaining  the  questions  of  the  lead  and  lap  of  both  steam  and 
exhaust  sides  of  the  valve. 

The  Secretary's  report  included  a  description  of  the  following 
mechanical  novelties : 

The  Hall  Type  Writer,  an  illustrated  description  of  which  will 
appear  in  the  Journal  ;  Spicer's  Fire  Escape,  consisting  of  two  scries 
of  passage  or  escaj)e-ways,  one  i)eing  within  the  building,  and  the 
other  exterior  thereto.  The  inner  passage-ways  are  enclosed  by 
masonry,  and  the  outer  ones  by  metallic  sheathing.  Kach  floor  of  the 
building  is  j)rovided  with  one  of  these  inner  passage-ways,  which  is- 
furnished  with  an  inwardly  opening  door,  k(!pt  dosed  by  a  spring  or 
weight.  Tiie  inner  passage-ways  communicate  with  the  outer  ones, 
and  the  latter  are  provided  with  ladders  or  staircases,  by  means  of 
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which  oommuuication  is  had  from  one  inner  passage-way  to  another, 
until  the  ground  floor  is  reached;  Matthews' Steam  Spring  Packing 
for  pistou-rods  and  slide  valve  stems,  particularly  the  latter.  A  steam 
tight  bonnet  is  added  to  the  usual  stuffing-box,  in  place  of  the  "gland" 
or  follower,  and  metallic  packing-rings  fitting  the  rod  snugly,  slide 
steam-tight  in  tiie  truly  cylindrical  bore  of  the  stuffing-box.  This 
device  is  reported  to  be  in  use  by  many  of  the  New  England  Railroad 
Companies ;  Gaudy's  Cam  Lever  Saw-set,  designed  for  setting  the 
teeth  of  band  or  circular  saws,  by  bending  them.  The  teeth  are 
placed  between  a  stationery  die  and  a  moveable  lever,  brought  down 
by  a  lever  with  a  cam  end  and  retired  by  a  spring.  The  amount  of 
set  is  regulated  by  thumb  nuts  on  the  shaft,  in  the  bow  of  which  the 
oam  is  pivoted.  A  number  of  saws  for  key-holes,  circles,  etc.,  were 
shown  in  behalf  of  the  makers,  Henry  Disston  &  Sons.  In  these  the 
teeth  were  given  a  backward  rake  so  that  the  saw  will  cut  on  the  pull 
instead  of  on  the  push,  as  with  the  customary  make  of  saw.  With 
this  modification  in  the  direction  of  the  teeth,  the  thinnest  blade  can  be 
used  without  danger  of  breaking  or  buckling. 

Under  new  business,  Dr.  Persifor  Frazer  offi?red  the  following 
resolution  : 

Resolved,  That  the  President  be  authorized  and  requested  to  appoint 
as  early  as  practicable,  a  committee  to  examine  the  several  forms  of 
apparatus  used  for  projections  upon  the  screen,  of  illustrations  of  all 
kinds,  for  lectures,  etc. ;  that  the  said  committee  be  requested  to  invite 
the  co-operation  of  those  interested  in  the  manufacture  and  use  of  these 
instruments,  to  the  end  that  they  may  be  induced  to  offer  their  instru- 
ments for  competitive  tests  in  comparison  with  others ;  that  the  com- 
mittee have  the  permission  to  make  use  of  the  lecture-room  of  the 
'Institute  for  their  purpose  on  any  evening  when  it  is  not  engaged ; 
and  that  they  be  requested  to  prepare  a  report  embodying  the  results 
of  their  investigations,  together  with  such  recommendations  respecting 
the  construction  and  use  of  such  instruments  as  they  may  deem  proper 
to  make. 

The  resolution  was  carried. 

The  President  appointed  Dr.  Persifor  Frazer,  Dr.  Charles  M.  Cres- 
son,  A.  E.  Outerbridge,  Jr.,  Coleman  Sellers,  and  Dr.  J.  Gibbons 
Hunt  to  serve  on  the  committee. 
Adjourned. 

William  H.  Wahl,  Secrekvry. 
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ON   THE   TEMPERATURE   OF   THE   SUN.* 


By  Hugo  Bilgeam. 


Several  years  ago  an  article  came  to  my  notice  stating  the  estimates 
of  the  temperature  of  the  sun,  by  different  authors.  These  figures 
varied  between  about  4,000  and  4,000,000  degrees,  Centigrade.  It  is 
not  difficult  to  conclude  that  such  a  difference  cannot  be  attributed  to 
errors  of  observation,  and  that  some  of  the  theories  on  which  those 
estimates  were  based  must  have  been  erroneous. 

Having  some  inclination  for  such  studies  I  tried  to  find  a  method 
myself  for  making  an  estimate,  and  during  these  studies  a  series  of 
very  interesting  points  suggested  themselves  to  my  mind  that  were 
new  to  me,  and  may  be  so  in  part  to  others.  The  following  is  a  brief 
statement  of  these  studies,  and  of  the  results  arrived  at. 

We  receive  heat  from  the  sun  by  radiation  exclusively,  and  the  laws 
of  radiant  heat  were  the  only  resort  for  the  intended  investigations. 

It  is  well  known  that  if  an  object  of  one  temperature  is  surrounded 
by  walls  of  anotlier  tempcratiu'e,  an  exchange  of  heat  will  take  place 
by  radiation,  until  the  temperatures  of  both  the  inclosed  object  and  the 

*  Tlie  above  paper  was  read  at  the  stated  meeting  of  the  Institute,  held 
May  17,  1876.    As  it  anticipates  some  conchisions  reached  in  recent  inves- 
tigations, it  has  been  thought  desirable  to  publisli  it. — H.  B. 
Whole  No.  Vol.  CXV. — (Third  Series,  Vol.  Ixxxv.)  21 
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surrounding  walls  are  equalized.  [Theoretically  the  temperatures  will 
never  be  equalized,  just  as  the  branch  of  a  hyperbola  never  meets  its 
asymptote,  but  after  a  longei'  or  shorter  time  the  difference  will  become 
practically  imperceptible.] 

The  following  ideal  experiments  are  supposed  to  be  made  in  a 
vacuum  to  exclude  the  effect  of  conduction  and  convection  of  heat. 

If  a  globular  body  (see  Fig.  1)  is  inclosed  centrally  by  two  hemi- 
spherical walls  of  different,  but  permanent  temperatures,  a  continual 
exchange  of  heat  will  take  place.  It  will  receive  heat  from  the 
warmer  side,  and  give  off"  heat  to  the  colder  side.  Supposing  the  cen- 
tral body  be  a  perfect  conductor  of  heat,  its  ultimate  temperature  will 
depend  on  two  conditions ;  on  the  temperature  of  each  of  the  hemi- 
spheres, and  on  the  condition  of  their  radiating  surfaces. 


Kg.  i 


In  text-books  the  radiation  of  heat  is  stated  to  be  in  direct  pro- 
portion to  the  temperature  and  to  a  coefficient  expressing  the  radiating 
quality  of  the  surface. 

If  the  radiating  quality  is  equal  for  both  hemispheres  the  central 
body  will  accordingly  assume  a  temperature  which  is  the  arithmetical 
mean  of  those  of  the  two  hemispheres.  When,  however,  the  radiating 
surfaces  are  different,  the  temperature  of  the  central  body  will  incline 
towards  that  of  the  better  radiator. 

This  law  can  be  generalized.  If  different  portions  of  the  surround- 
ing sphere  are  of  different  temperatures  and  of  different  radiating 
qualities,  the  ultimate  temperature  of  the  central  body  may  be 
expressed  by  the  formula 

„,      I  t.a.c 
2  a  .  c 

i  being  the  temperatures,  a  the  areas  and  c  the  coefficients  of  radiation 
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of  the  different  portions  of  the  spheres,  and  if  the  radiating  condition 
of  the  whole  surface  is  uniform,  and  besides  if  the  entire  surface  is 
taken  as  a  unit,  the  formula  is  reduced  to  T=  1 1  .a. 

Xow  suppose  we  remove  a  small  portion  of  the  surrounding  sphere, 
say  Yh~5j  ^^^^  substitute  another  piece,  the  temperature  of  Avhicli  is  100° 
higher,  the  effect  upon  the  central  object  will  be  to  raise  its  tempera- 
ture T^  of  100°  =  1°,  or  in  general,  T'=  T+  az.     [1] 

On  this  proposition  I  based  my  experiment,  assuming  the  firmament 
to  be  the  surrounding  sphere,  and  the  sun  the  heated  portion  thereof; 
but  instead  of  using  a  globular  central  body,  I  used  a  flat  piece  of 
blackened  sheet  brass,  under  which  I  placed  a  thermometer,  guarding 
the  whole  combination  on  the  lower  side  as  well  as  I  could  from  loss 
of  heat  by  conduction.  I  thereby  gained  two  decided  advantages. 
The  whole  receiving  surface  being  exposed  to  the  same  conditions,  no 
internal  exchange  of  heat  was  occasioned  after  the  terminal  condition  of 
heat  was  established,  and  further,  the  radiating  surface  being  reduced 
to  one-fourth,  for  the  same  bundle  of  solar  rays  received,  the  heating 
effect  Avas  increased,  and  the  error  of  observation  accordingly  reduced. 

The  described  instrument  was  exposed  to  the  sun  on  the  roof  of  a 
house,  and  after  the  thermometer  came  to  a  rest  it  indicated  50°  C. 
Then  the  sun  was  screened  off  by  a  screen  just  sufficiently  large  to  shade 
the  whole  instrument,  and  the  thermometer  came  down  to  28°.  Seve- 
ral repetitions  of  the  experiment  yielded  similar  results,  the  difference 
always  being  about  22°.* 

The  diameter  of  the  sun  being  about  0°  32',  the  area  covered  by 
him  is  ixrexo"  ®^  *^®  entire  firmament,  but  the  effect  of  the  sun  hav- 
ing been  quadrupled,  due  to  the  shajie  of  the  instrument,  the  propor- 
tion to  be  considered  is  ^gj^^.f  The  temperature  of  the  sun  is  there- 
fore 461G2  X  22  ^  1"015*586°,  provided  our  premises  are  correct,  and 
also  provided  the  radiating  quality  of  the  sun  is  equal  to  that  of  the 
rest  of  the  firmament.  The  ray-absorbing  quality  of  any  surface  being 
equivalent  to  the  radiating  quality ;  and  the  univei'se  being  a  perfect 
absorber  of  rays,  and  the  atmosphere  a  poor  reflector,  the  sphere  sur- 
rounding our  experiment  can  be  regarded  as  a  very  good  radiator,  and 

*  In  a  subsecjueiit  discussion,  upon  the  statement  of  Professor  Snyder  that 
this  ditterence  was  found  =29°  by  other  observers,  I  admitted  that  the 
result  of  my  observation  may  have  been  imjjaired  by  moisture  in  the  atmo- 
sphere, on  tlie  day  of  tlie  exi)eriinent. 

t  Professor  Snyder  doul)ted  the  propriety  of  tliis  conclusion  iu  the  subse- 
quent discussion. 
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unless  the  sun's  surface  is  an  equally  good  radiator,  the  above  estimate- 
is  too  small.  Moreover,  the  absorption  of  part  of  the  solar  rays  by 
the  atmosphere,  will  doubtless  affect  this  result  somewhat,  but  to  avoid 
complications  this  factor  will  here  be  totally  disregarded.* 

This  estimate  ranges  among  the  highest  of  the  estimates  mentioned 
at  the  beginning,  and  since  the  lower  estimates  cannot  be  entirely  dis- 
countenanced, I  endeavored  to  find  where  I  might  have  drawn  an 
erroneous  conclusion.  There  is  only  one  proposition  to  which  an  error 
might  be  attributed,  namely  the  assumed  law  that  the  radiation  is  in 
direct  proportion  to  the  temperature.  It  might  be  suggested  that  the 
radiation  increases  as  the  square  of  the  temperature.  At  the  first 
glance  this  supposition  seems  to  be  unwarranted,  as  apparently  con- 
flicting with  former  observations,  but  a  closer  investigation  will  dis- 
perse this  objection.  Assuming  for  a  unit  of  radiation,  the  heat 
radiated  from  a  perfect  radiator  of  1°  absolute  temperature,  the  radia- 
tion from  the  same  surface  when  heated  to  the  freezing  point  of  water 
would  be  273^  and  when  heated  1°  higher  (273  +  l)\  The  difference 
=  547  is  an  equivalent  of  the  heat  exchanged  between  two  surfaces  oT 
those  temperatures.  The  exchange  of  heat  between  two  surfaces  of  0° 
and  10°  (273°  and  283°  absolute)  is  5560,  which  is  very  little  more 
than  ten  times  the  former  result.  We  see,  therefore,  the  radiation  is 
still  approximately  in  proportion  to  the  difference  of  temperature.  For 
higher  temperatui'es,  however,  the  radiation  would  increase  consider- 
ably, for  instance,  the  exchange  of  heat  between  surfaces  of  99°  and 
100°  respectively,  would  be  373^  —  3722  =  745. 

I  thereupon  searched  in  the  library  to  find  if  former  observations- 
indicated  such  an  increase,  and  in  one  text-book  I  found  the  statement 
that  the  radiation  is  approximately  in  proportion  to  the  difference  of 
temperature  as  long  as  this  difference  remains  within  certain  limits,  but 
that  for  greater  differences  the  radiation  increases  more  rapidly.  Con- 
sidering that  most  of  the  experiments  were  made  with  low  temperatures 
and  that  the  difference  was  increased  by  raising  that  of  the  radiating 
object,  this  statement  seems  to  confirm  my  supposition. 

There  are,  however,  still  other  facts  indicating  that  the  radiation 
increases  with  a  higher  power  of  the  temperature.     The  radiant  heat 

*  It  was  not  so  much  my  object  to  arrive  at  a  very  close  figure  as  to  get  a 
general  insight.  The  l'<)llowing  considerations  will  show  that  other  ques- 
tions will  have  to  be  answered  first  before  we  can  even  hope  to  arrive  at  a. 
satisfactory  result. 
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emanating  from  the  sun  is  of  a  most  complicated  character,  it  being 
composed  of  innumerable  series  of  rays  of  different  order  that  can  be 
dissolved  by  means  of  a  prism,  and  can  be  projected  upon  a  screen, 
where  they  form  the  spectrum,  the  luminous  rays,  of  course,  being 
regarded  as  heat  rays  capable  of  aifecting  the  retina  of  the  human  eye. 
Heat,  radiated  from  any  object  heated  to  incandescence,  shows  the 
same  characteristic.  AVhen  v/e  watch  the  formation  of  the  spectrum 
while  the  illuminating  object  is  being  heated,  we  first  notice  the  appear- 
ance of  the  red  rays,  which  then  are  very  faint.  As  the  heating  is 
continued,  the  orange,  then  the  yellow,  the  green,  and  finally,  also,  the 
blue  and  violet  portion  of  the  spectrum  is  developed,  while,  at  the  same 
time  the  red  portion  is  growing  more  intense.  We  may  infer  from 
this  observation  that  the  various  orders  of  rays  are  due  to  various  tem- 
peratures, and  besides,  that  as  the  heating  is  continued,  not  only  new 
series  of  rays  are  addal,  but  the  rays  due  to  lower  temperatures  are 
intensified. 


There  is  no  reason  why  this  inference  should  not  also  be  extended 
to  the  non-luminous  rays,  or  rays  due  to  lower  temperatures,  and  hence, 
a  compound  ray  emitted  from  an  object  of  the  temperature  T  can  be 
represented  by  the  triangle  0  I  T  (Fig.  2)  where  the  ordinate  O  T 
measures  the  order,  and  the  abscissa  O  /the  intensity  of  the  component 
ray.  In  this  diagram  it  is  assumed  that  the  intensity  of  any  of  the 
component  rays  due  to  the  temperature  i  \s  i  ^=  {T —  t)  .  c.  The 
wdoric  value  or  heating  quality  of  any  of  the  com[)onent  rays  is  equal 
to  the  product  of  the  intensity  into  the  appertaining  temperature,  and 
is  therefore  h  =  t  {T —  t)  •  c,  which  is  the  equation  of  a  parabola. 
Consequently,  if  we  lay  out  another  diagram  showing  the  caloric  value 
of  the  ditJerent  component  rays,  its  form  will  be  as  shown  in  Fig.  3, 
and  we  are  thus  led  to  the  conclusion  that  different  portions  of  the 
spectrum  ought  to  show  different  heating  qualities.     This  supposition 
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is  fully  confirmed  by  former  observations,  for  this  diagram  reminds  us* 
decidedly  of  the  caloric  curve  representing  the  heat  developed  in  dif- 
ferent parts  of  the  spectrum. 

This  is,  I  believe,  the  first  attempt  of  explaining  the  caloric  curve 
of  the  spectrum  on  a  purely  logical  basis,  and  this  interesting  develop- 
ment considerably  encouraged  me  to  proceed. 

The  next  thing  was  to  determine  the  total  caloric  value  of  the  com- 
T 

pound  ray,  which  is  H=  1  t{T — t)c.dt=~T^   and    according  to  this 

0 

formula  the  radiation  increases  even  as  rapidly  as  the  cube  of  the  tem- 

3 

perature.  The  formula  [1]  will  accordingly  be  changed  to  T^  ^  T^-\- 
ar^  and  by  substituting  the  values  found  by  the  experiment  we  find 
r^6670,  to  which  we  have  to  add  the  initial  temperature  of  the 
experiment  (301°  absolute),  to  obtain  the  solar  temperature  =  6971° 
absolute. 

Judging  from  the  vast  difference  existing  between  this  and  the  first 
estimate,  the  exact  law  of  radiation  has  a  great  deal  to  do  with  the 
answering  of  the  considered  question,  and  the  above  theory  should  be 
tested  before  it  can  be  accepted.  Before  all  things  the  identity  of  the 
curve  of  Fig.  3,  and  the  caloric  curve  of  the  spectrum  should  be 
demonstrated.  Let  us  compare  their  maxima  for  this  purpose.  The 
maximum  of  the  curve  of  Fig.  3  is  evidently  at  ^  T=:  3485°,  and 
hence  that  of  the  caloric  curve  should  be  at  a  point  of  the  spectrum 
corresponding  to  this  temperature.  But  inasmuch  as  a  heated  object 
begins  to  emit  red  rays  at  about  900°  abs.  we  may  conclude  that  the 
ultra  red  rays  in  which  the  maximum  of  the  caloric  curve  is  located,  are 
due  to  even  less  than  900°.  The  difference  of  these  two  figures  does 
not  speak  very  favorably  for  the  foregoing  speculation.  It  is  true,  the 
prism  disperses  the  rays  in  an  unequal  proportion,  spreading  the  rays 
of  higher  order  more  than  those  of  lower  orders.  This  would  distort 
the  caloric  curve,  and  shift  its  maximum  into  the  ultra  red  portion, 
while  it  may  be  located  in  the  red  rays ;  but  this  can  hardly  account 
for  the  above  difference. 

It  will  be  remembered  that  in  the  foregoing  calculation  I  assumed 
that  the  intensity  of  the  individual  rays  was  increasing  in  the  same 
proportion  as  the  temperature  rises,  and  suspecting  an  error  in  this- 
assumption,  I    tried   other  relations.      By  assuming   i  =  {T — t^c  I 
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obtained  the  curve  of  intensity  as  shown  in  Fig.  4,  and  that  of  caloric 
energy,  as  shown  in  Fig.  5.  The  formula,  [1,]  changes  to  T'^:=  T*  + 
ciT^,  and  by  substituting  the  values  found  by  the  experiment  r  will 
be  found  =  3335,  and  the  solar  temperature  =  3635,  and  the  maxi- 


mum of  the  curve  of  Fiff.  5  =   -  =  1212°. 

3 


Xow  it  will  be  seen  that 


Fig.  5  bears  more  resemblance  to  the  caloric  curve  than  Fig.  3,  and 
the  difference  of  its  maximum  and  the  figure  supposed  to  represent 
the  miximum  of  the  caloric  curve  may  be  accounted  for  by  distortion ; 
at  any  rate  these  results  are  more  satisfactory  than  those  of  my  former 
calculation.  It  may  however  be,  that  the  law  of  radiation  is  more 
complicated,  and  these  theories  are  yet  in  the  form  of  crude  sug- 
gestions. 


Ftp  ^ 


Fi^.S 


My  endeavors  were  next  directed  to  finding  additional  means  for 
corroborating  the  supposition  that  the  radiation  increases  at  a  higher 
rate  than  the  temperature. 

Turning  our  attention  to  our  first  ideal  experiment,  it  is  evident  that 
the  object  inclosed  by  two  hemi^jphercs  of  different  temperatures  should 
not  assume  a  temperature  equal  to  the  arithmetical  mean,  lus  first  sup- 
posed, but  should  rise  to  a  higher  jioint.  If  one  of  these  hemispheres 
is  at  the  freezing  point,  and  the  other  at  the  boiling  point  of  water, 
the  calculated  tem])eratures  are  53*8°,  57*6°,  and  61*1°,  respectively, 
as  we  assume  the  radiation  to  be  increasing  as  the  square,  cube,  or 
the  fourtli  power  of  the  temperature. 

I  made  preparations  for  a  practical  test,  but  not  having  at  my  com- 
mand the  meiuis  for  ])roducing  a  vacuum,  I  had  to  content  myself 
without.  I  was  well  aware,  though,  that  owing  to  the  presence  of  air 
an  exchange  of  heat  by  convection  was  inevitable,  and  the  result  of 
the  experiment  was  accordingly  impaired.  However,  as  it  can  be 
safelv  assumed   that   the   effect  of  convection   tends   to   maintiun   the 
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arithmetical  mean,  a  rising  of  the  temperature  of  the  inclosed  object 
above  this  mean  would  indicate  the  tendency  of  the  radiation.  The 
experiment  answered  the  question  affirmatively,  the  thermometer  rising 
to  nearly  54°.  Had  the  air  been  excluded  the  thermometer  would 
presumably  have  risen  to  a  higher  point.  Indeed,  a  series  of  such 
experiments  made  with  different  temperatures,  in  a  vacuum,  might  dis- 
close the  exact  law,  however  complicated  that  law  may  be. 

In  reviewing  the  preceeding,  it  appears  rather  curious  that  the  esti- 
mates based  on  one  single  experiment  range  nearly  from  the  highest  to 
the  lowest  of  the  estimates  alluded  to  at  the  beginning.  Of  all  these 
figures  the  last  one  seems  to  be  the  most  reasonable,  for  there  exists  a 
striking  similarity  between  the  solar  light  and  that  of  the  oxy-hydrogen 
flame  or  the  electric  light,  and  the  temperatures  of  these  latter  lights 
are  usually  estimated  at  3000°  or  thereabouts.  Indeed,  the  lowest  of 
the  first  mentioned  estimates  were  based  on  a  comparison  of  the  solar 
heat  with  the  heat  emanating  from  a  lime  light,  and  the  higher  esti- 
mates having  probably  been  based  on  a  misconception  of  the  law  of 
radiant  heat,  the  proposed  theory  may  be  the  means  of  reconciling  the 
conflicting  estimates. 

In  summing  up  it  will  be  seen  that  in  support  of  my  theory  can  be 
offered  : 

1.  The  result  of  the  last  mentioned  experiment. 

2.  The  ready  explanation  of  the  caloric  curve  of  the  spectrum. 

3.  The  prospect  of  bringing  to  unison  the  conflicting  estimates  of 
the  solar  temperature. 

My  attention  was  not  only  directed  to  the  temperature  of  the  sun, 
but  also  to  its  relation  to  that  of  our  earth,  and  I  shall  select  the  last 
law  and  estimate  as  a  basis  for  the  figures  used  to  exemplify  the  con- 
clusions bearing  on  this  subject. 

If  the  globe  of  a  thermometer  was  suspended  in  space  at  a  distance 
from  the  sun  equal  to  that  of  our  earth,  its  temperature  would  become 

/      f^~ 
t=y    t^t^^t:  =  175°  abs.  =  — 98° :  the  heat  it  would  receive  from 

the  more  distant  stars  being  disregarded.  In  exposing  a  flat  plate  of 
non-conducting  material  at  right  angles  to  the  sun,  the  side  facing  the 

/     T^~ 
sun  would  attain  a  temperature  t  =  y     'aF\c9,  ^^  ^^^  ^^^'  ^  — ^^°' 

The  surface  of  the  moon  is  exposed  to  similar  conditions  and  will 
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accordingly,  during  the  long  lunar  day,  be  heated  to  a  point  never  ex- 
ceeding — 25°,  while  the  average  temperature  of  the  moon  would  be 
— 98°.  But  how  does  this  speculation  agree  with  tne  temperature  of 
our  e^jrth  ?  Indeed,  the  old  question  as  to  the  cause  of  the  cold  on  high 
mountains  is  now  reversed.  We  have  to  inquire  why  it  is  so  warm 
there,  and  Avhy  it  is  still  warmer  in  the  lower  regions.  The  interior 
heat  of  the  earth  cannot  account  for  this  great  difference.  An  answer 
to  this  question  is,  however,  not  very  remote.  In  exposing  a  thermom- 
eter to  the  clear  nocturnal  sky,  we  find  that  notwithstanding  the  greatest 
care  in  guarding  it  from  receiving  heat  by  any  ways  otlier  than  radia- 
tion, the  temperature  of  the  air  has  a  decided  influence  upon  that  indi- 
cated by  the  thermometer.  The  air  must  therefore  be  capable  of 
radiating  heat  and  cannot  be  transparent  for  rays  of  the  same  character, 
although  it  is  transj)arent,  almost  to  perfection,  for  rays  of  higher 
order,  for  luminous  rays.  Only  a  portion  of  the  solar  rays  penetrate  the 
atmosphere  and  strike  the  earth,  which  partly  reflects,  partly  absorbs 
them  and  return  the  heat  appropriated  by  absorption  in  form  of  rays 
of  lower  order. 

To  these  rays  the  atmosphere  is  opaque;  they  are  accordingly 
absorbed,  and  retained  near  the  surface  of  the  earth.  The  action  of 
the  atmosphere  can  thus  be  compared  with  the  action  of  valves,  admit- 
ting heat  freely,  but  preventing  its  escape. 

The  effect  would  be  a  continual  increase  of  heat  near  the  surface  of 
the  earth,  which,  however,  is  balanced  by  convection  of  heat  to  the  out- 
skirts of  the  atmjsphere,  from  whence  it  is  radiated  and  lost  into  the 
universe.  But  convection  being  comparatively  slow,  a  surplus  of  heat 
will  prevail  in  the  lower  regions. 

I  concluded  that  if  this  theory  be  correct,  a  piece  of  blackened  metal 
exposed  to  the  sun,  would  ultimately  be  heated  to  a  higher  degree 
when  covered  by  a  flat  piece  of  glass  than  when  uncovered ;  for  the 
glass  would  act  in  the  same  manner  jus  the  atmosphere.  In  order  to 
test  this,  it  was  my  intention  to  procure  a  suitable  piece  of  glass  from 
an  optician,  l)ut  upon  stating  the  pur|)ose  for  which  I  wished  to  use  it, 
I  was  informed  that  the  fact  was  observed  before,  and  then  I  thought 
it  unnecessary  to  repeat  the  experiment. 

In  a  recently  invented  solar  boiler  (Mouchot's),  advantage  is  taken 
of  this  fact.  The  boiler  upon  which  the  solar  rays  are  concentrated  by 
a  reflector,  is  enveloped  by  a  glass  bell.     The  rays  of  higher  order  of 
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the  sun  are  readily  transmitted,  but  those  of  lower  order  returned  by 
the  boiler,  are  arrested  and  thus  retained  inside  of  the  bell. 

Returning  to  the  subject,  it  appears  now  that  the  thickness  and  con- 
dition of  the  atmosphere  govern  in  a  great  measure  the  temperature  of 
the  earth,  and  a  number  of  inferences  can  be  based  on  that  theory.* 

Carbonic  acid  being  a  better  absorber  of  heat,  by  many  times,  than 
either  oxygen  or  nitrogen,  the  small  percentage  of  this  gas  in  the 
atmosphere  may  have  a  great  deal  to  do  with  our  temperature.  At  a 
past  period  the  percentage  of  this  gas  may  have  been  less  than  at 
present.  This  might  explain  the  glacial  period.  Before  the  immense 
fields  of  coal  were  deposited  under  ground,  the  air  must  have  been 
richer  in  carbonic  acid,  and  hence  a  better  protector  of  heat.  This 
may  account  for  the  luxury  and  abundance  of  vegetable  growth  of 
that  period. 

Thus  ray  studies  were  carried  farther  than  I  originally  intended,  but 
it  is  almost  impossible  to  investigate  any  subject  without  being  led  on 
other  topics.  The  laws  of  nature  are  so  closely  related  to  each  other, 
that  no  line  of  division  can  be  drawn,  and  one  discovery  suggests 
another. 


A  STANDARD  GAUGE  SYSTEM.* 


By  George  M.  Bond,  Hartford,  Conn. 


In  a  paper  presented  at  the  May  meeting  of  the  Society  last  year, 
a  statement,  or  "  report  of  progress "  was  submitted,  showing  the 
method  adopted  by  the  Pratt  &  Whitney  Company,  of  Hartford, 
Conn.,  by  which  the  question  of  practically  establishing  a  standard 
for  size  gauges  was  to  be  scientifically  determined,  accurately  subdi- 
viding the  Imperial  yard  into  feet  and  inches  and  fractional  parts 
of  an  inch,  and  describing  briefly  the  extent  to  \yhich  was  carried  the 
scientific  research  found  absolutely  necessary  for  such  an  undertaking ; 
it  remains  now  to  present  to  the  consideration  of  those  who  may  be 
interested,  a  statement  of  the  results  proceeding  from  the  practical 
application  of  all  the  thorough,  conscientious  investigation  of  Professor 
Rogers,  of  Harvard  College  Observatory,  whose  invaluable  experience 
and  professional  services,  in  obtaining  for  the  company  the  transfer  and 
subsequent  subdivision  of  the  British  yard,  gave  the  foundation  for 

*From   advance  sheets  of  the  transactions  of  the  American  Society  of 
Metlianical  Engineers. 
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what  has  been  accomplished,  enabling  the  company  to  feel  warranted 
in  earnestly  inviting  an  inspection  of  the  means  now  available  for  the 
production  of  standard  sizes,  and  asking  for  it  the  endorsement  of  the 
engineering  profession,  should  it  be  found  worthy  of  such  necessary 
support. 

The  comparator  referred  to  in  the  previous  paper,  has  been  placed 
in  position  upon  brick  piers  in  a  room  outside  the  main  building, 
erected  especially  for  it,  and  is  comparatively  free  from  the  jar  and 
tremor  of  the  machinery,  even  unaffected  by  the  jar  of  passing  trains 
(the  tracks  of  the  New  York,  New  Haven  and  Hartford,  and  of  the 
New  York  and  New  England  Railroads  being  quite  near),  the  rigidity 
of  the  instrument  and  the  excellent  workmanship  in  its  construction 
preventing  any  perceptible  vibration  during  an  observation,  even  when, 
the  high  power  microscopes,  magnifying  150  diameters,  are  used. 

The  illumination  required  in  using  these  microscopes  is  perfectly 
attained  by  reflection,  using  a  plate-gla.ss  mirror  placed  outside  cf  the 
window  of  the  comparing  room,  at  an  inclination  of  45  degrees,  giving^ 
clear  diffused  light,  cloudy  weather  even  improving  the  general  effect,. 
as  the  light  is  then  whiter  than  that  reflected  from  a  clear  blue  sky,. 
and  the  lines  on  the  standard  bar,  as  seen  through  the  medium  of  the 
Tolles'  illuminating  prisms  with  which  the  objectives  are  fitted,  are 
clearly  and  sharply  defined  at  any  time  during  daylight,  and  in  any 
position  of  the  microscope  plate;  by  thus  avoiding  the  use  of  artificial 
light  and  consequent  effect  of  a  variable  temperature,  far  more  satisfac- 
tory results  are  obtained. 

The  investigation  for  the  determination  of  the  necessary  corrections 
for  errors  due  to  horizontal  or  vertical  curvature  of  the  path  of  the 
microscope  plate,  has  shown  conclusively  the  unexcelled  workmanship 
in  the  construction  of  the  comparator ;  as  an  instance  of  how  slight  these 
errors  really  are,  it  was  fonnd  after  repeated  observations,  the  means 
being  carefully  collected,  that  the  horizontal  curvature,  i.  e.,  the  bend- 
ing sidewise  of  the  cylindrical  guides  or  ways  upon  which  the  micro- 
scope plate  slides,  at  the  part  investigated,  was  that  having  a  radiu.s  of 
eleven  miles,  and  a  consequent  correction  to  be  applied  of  about  one 
ten-thousandth  of  an  in(;h  in  18  inches,  the  latter  distiuice  referring  to 
the  position  of  the  measured  standard  when  j)laced  cither  side  of  the 
line  of  motion  of  the  centre  of  the  microscope  plate,  moving  between 
fixed  stops,  and  which  i.'^  the  con.^^tant  (|iiantity  to  which  is  referred  the 
subdivisions  of  the  standard  l)ar;  as  the  micro-scope  is  u.<ually  withiii 
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one  inch,  rarely  over  two  and  a  half,  from  the  centre  line  of  the  stops 
or  caliper  jaws  between  which  the  end  measure  pieces  or  the  cylindrical 
gauges  are  placed,  this  correction  evidently  becomes  too  small  to  be 
applied  practically,  within  the  limit  of  a  six-inch  gauge ;  for  a  foot  or 
a  yard  it  would  become  necessary,  as  the  variation  of  the  chords  of  the 
subtended  arcs  then  becomes  quite  perceptible.  The  errors  due  to 
inequality  of  temperature  in  the  standard  steel  bar  and  the  hardened 
steel  end-measure  gauges  must  be  carefully  guarded  against,  the  latter 
■effect  being  far  more  important,  practically,  and  often  very  misleading. 
In  the  case  of  a  four-inch  hardened  steel  end-measure  gauge  experi- 
mented upon,  the  coefficient  of  expansion  being  nearly  one  one-hun- 
dred thousandth  of  its  length,  one  degree  of  change  of  temperature  from 
that  maintained  in  the  reference  bar,  introduces  an  error  of  nearly  one 
twenty -five  thousandth  of  an  inch  in  the  total  length,  and  hence,  as  a 
change  or  inequality  of  five  or  even  ten  degrees  might  be  easily  over- 
looked, the  four-inch  gauge  would  be  found  to  be  from  one-five  thou- 
sandth (s^qq)  to  one  twenty-five  hundredth  (2-5V0)  ^^  ^^^  ^^^^^  ^^^ 
short,  when  equality  of  temperature  is  restored;  when  it  is  asserted 
that  an  actual  variation  of  so  minute  a  quantity  as  one  thirty-thousandth 
of  an  inch,  and  even  less,  can  be  readily  detected  by  any  tool- maker 
familiar  with  the  use  of  an  ordinary  micrometer  or  a  close  gauge,  the 
importance  of  keeping  within  this  limit  is  apparent, — of  course,  this 
shortening  effect  is  not  so  marked  in  smaller  sizes,  still  the  ratio  is  the 
same,  and  this  error  must  be  carefully  avoided. 

The  subdivisions  upon  the  six-inch  hardened  steel  standard  bar 
have  been  carefully  investigated  upon  the  new  comparator,  to  deter- 
mine how  nearly  these  inch  spaces  equal  each  other,  the  total  length 
of  the  four  inches  which  are  ruled  upon  this  six-inch  bar  being  exactly 
standard  at  62  degrees  Fahrenheit,  according  to  the  official  report  of 
Professor  Eogers,  received  December  1st,  1881,  and  in  this  report,  the 
results  obtained  by  him,  determining  this  relation  of  the  inch  spaces 
to  each  other,  was  found  to  agree  closely  with  the  results  obtained  by 
me,  as  the  following  comparison  will  show,  these  minute  corrections 
being  necessary  in  accurately  determining  the  subdivisions  of  the 
Imperial  yard,  which  they  represent : 

Corrections.  Prof.  Roger's  Report.     Results  obtained. 

Total  1  inch,  add,  0.000008  0.000008  (^V  yard.) 

Total  2  inches,  subtract,  0.000026  0.000027  {j\      "     ) 

Total  3  inches,  subtract,  0.000005  0.000006  {j\      "     ) 

Total  4  inches,  correct  correct  ( i       "     ) 


Mav,  1883.J  -4  Standard  Gauge  System.  333 

The  results  sciven  in  the  last  column  are  the  means  of  a  number  of 
observations,  taken  at  different  times  and  under  various  conditions  of 
temperature,  etc.,  and  cover  a  period  of  about  four  weeks,  the  final 
results  having  been  obtained  December  31st. 

The  value  of  the  divisions  of  the  micrometer  employed  was  care- 
fully determined  in  order  to  reduce  them  to  the  same  unit  used  by 
Professor  Rogers,  and  was  found,  using  the  microscope  marked  "  B," 
to  equal  ggl^^  of  an  inch  (0.000016,  nearly). 

When  it  is  considered  that  the  two  results  were  obtained  under  dif- 
ferent conditions,  and  using  different  microscopes,  and  with  comparators 
differing  in  construction,  the  correctness  of  the  principle  upon  which 
the  comparison  is  founded,  certainly  needs  no  other  proof. 

The  method  of  obtaining  this  relation  of  the  separate  inches  upon 
the  six-inch  standard,  was  referred  to  in  the  former  paper,  and  is  that 
of  comparing  each  inch  with  a  constant  distance  moved  over  by  the 
microscope  plate  between  fixed  stops,  a  constant  pressure  of  contact 
being  obtained  by  the  use  of  electro-magnets,  the  separate  inch  spaces 
being  thus  referred  to  an  invariable  quantity  or  distance,  and  their  re- 
lation to  each  other  consequently  determined. 

To  explain  more  fully  this  operation,  the  method  adopted  is  as  fol- 
lows :  A  series  of  readings  is  taken  at  the  zero  or  initial  line  of  the 
first  inch  space,  using  the  micrometer  referred  to,  the  microscope  plate 
being  held  firmly  against  the  fixed  stop  by  the  electro-magnet ;  the 
microscope  then  moves  with  the  sliding  plate  until  the  latter  is  in  con- 
tact with  the  other  fixed  stop,  and  held  by  the  electro-magnet,  the  plate 
having  moved  as  nearly  an  inch  as  it  may  conveniently  be  done, — gen- 
erally a  little  more  than  an  inch,  in  order  to  have  the  sign  of  the  read- 
ing always  the  same, — from  three  to  five  readings  of  the  micrometer 
are  then  taken  at  each  position  of  the  microscope,  and  the  order  re- 
versed, to  eliminate  possible  error;  the  first  inch  is  thus  compared  with 
a  fixed  quantity,  and  the  same  operation  repeated  for  the  remaining 
inch  spaces. 

The  difference  between  the  distiince  moved  by  the  microscope  plate 
and  the  distance  between  the  defining  lines  representing  inches,  is  found 
by  subtracting  the  means  of  the  readings  obtained,  and  thus  eliminating 
the  possible  error  of  any  single  observation. 

Tiie  following  is  a  series  of  micrometer  readings,  and  comprises  tiie 
means  of  all  the  observations  by  which  the  corrections  of  the  separate 
inches  were  obtainal,  illustrating  the  system  adopted,  and  which  has 
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been  used  invariably  by  Professor  Rogers  in  his  investigations  of  the 
subdivisions  of  the  yard  and  meter  bars,  now  in  the  possession  of  the 
Pratt  and  Whitney  Company. 

COMPARISON  OF  INCHES. 

L.  R.  L.  R. 

58.1  65.8               58.0  65.5  1 
Istiuch 58.6            66.0               58,1  65.8^^^^^^.^^ 

58.5  65.4  58.0  65.8  \   order. 

Mean 58.4  65.7  58.0  65.7  J 

58.0  65.7 

Mean 58.2  65.7 

R  —  L  =  +  7.5  divisions  of  micrometer. 

L.  R.  '            L.  R. 

56.2  65.8  55.4  65.4  1 

2d  inch 55.6  65.8  56.0  65.4  j  Reverse 

56.2  66.0  55.4  66.0  \   order. 

Mean 56.0  65.8  55.6  65.6  j 

55.6  65.6 

Mean 55.8  65.7 

R  — L  =  +  9.9. 

L.  R.  L.  R. 

55.0  63.0  57.0  63.0 

3d  inch 55.8  63.0  57.0  63.5 

55.7  63.6  57.0  62.8 

Mean 55.5  63.2  57.0  63.1 

57.0  63.1 

Mean 56.3  63.1 

R  — L  =  +  6.8 

L.  R.  L.  R. 

57.4  64.3  56.0  64.2 

4th  inch 57.8  64.8  56.1  64.5 

57.8  64.8  56.8  64.5 

Mean 57.6  64.6  56.3     •      64.4 

56.3  64.4 

Mean 56.9  64.5 

L  — L  =  +  7.6 
Correction    2 

+  7.5  +  0.45  +  0.45  =  correction  for  first  inch. 
+  9.9  — 1.95  — 1.50  =  correction  for  total  2  inches. 
+  6.8  +  1.15  —  0.35  —  correction  for  total  3  inches. 
+  7.6  +  0.55  +  0.00  =  correction  for  total  4  inches. 

Mean  +  7.95 
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The  differences  of  the  observed  inch  spaces  with  respect  to  the  con- 
stant quantity  obtained  by  the  motion  of  the  microscope  plate,  are 
added  and  their  mean  taken,  from  which  the  corrections  are  deter- 
mined witli  the  proper  signs ;  in  order  to  check  the  accuracy  of  the 
latter  work,  these  corrections  are  added,  the  final  result  being  evidently 
aero,  the  column  under  "  -"  showing  this  algebraic  sum. 

It  may  be  appropriate  here  to  state  that  the  six-inch  bar  upon  which 
these  four-inch  spaces  are  traced,  is  a  standard  Avhich  is,  without  doubt, 
the  only  hardened  steel  line-measure  bar  in  existence,  which  is  exactly 
one-ninth  part  of  the  Imperial  yard  at  62°  Fahrenheit,  and  Professor 
Kogers  considers  it  as  such  in  his  report,  before  referred  to. 

In  order  to  apply  these  subdivisions,  which  include  all  sizes,  from 
one-sixteenth  of  an  inch  to  four  inches,  varying  by  sixteenths,  to  a 
practical  form,  fixtures  have  been  provided  and  are  in  constant  use,  for 
reducing  to  end  measure  the  distances  thus  accurately  spaced,  and  a 
•caliper  attachment  has  lately  been  added  from  plans  proposed  by  Pro- 
fessor Rogers,  by  which  the  diameter  of  existing  cylindrical  gauges,  as 
well  as  the  length  of  end-measure  pieces  from  one-sixteenth  of  an  inch 
to  six  inches  may  be  tested  with  the  same  precision  that  characterizes 
the  investigation  of  the  linear  spacing  of  the  standard  bar,  also  pro- 
viding means  for  a  rigid  inspection  of  finished  gauges  before  they  leave 
the  works,  thereby  insuring  uniformity. 

To  illustrate  how  nearly  alike  two  pieces  may  be  made,  two  stand- 
ard inch  end-measure  gauges  were  worked  down  under  the  microscope, 
independently  of  each  other,  using  the  lines  upon  the  ruled  standard 
reference  bar  and  the  fixture  referred  to,  which,  when  compared  with 
■each  other  by  the  most  careful  tests,  using  close  or  "  snap  "  gauges,  and 
tested  thus  by  tool-makers  experienced  in  work  requiring  the  utmost 
practical  precision,  neither  piece  could  be  singled  out  as  the  larger,  the 
effect  of  unequal  expansion  caused  by  temperature  being  avoided  during 
the  test.  Under  tiie  microscope,  both  j)ieces  were  found  to  be  exactly 
alike  by  a  single  observation,  while  the  comparison,  by  a  series  of  read- 
ings showed  a  mean  difference  between  the  two  pieces  of  one-tenth  of  a 
division  of  the  micrometer,  and  when  it  is  remembered  that  one  divi- 
sion has  a  value  of  only  gg^Q^th  of  an  inch,  the  duplication,  it  may  be 
assured,  is  certainly  satisfactory,  and  is  clearly  within  a' practical,  if  not 
a  theoretical  limit  of  accuracy. 

Having  thus  the  means  for  closely  reproducing  established  sizes,  and 
no  possible  wear  occurring  to  the  i)ar  from  which  \hese  sizes  are  taken, 
the  accurate  duplication  becomes  a  comparatively  simple  operation. 


336  A  Standard  Gauge  System,  [Jour  Frank.  Inst., 

In  order  to  produce  standard  work  within  the  limit  of  a  yard, 
or  a  meter,  there  has  been  furnished  by  Professor  Rogers,  two  steel 
yard  and  meter  bars,  referred  to  in  the  previous  paper,  one  of  these 
bars  tempered,  the  other  being  left  soft,  but  having  hardened  steel 
plugs,  which  are  adjustable,  for  the  purpose  of  bringing  the  surfaces 
into  focus  under  the  microscope ;  upon  these  hardened  plugs  the  lines- 
are  ruled,  both  bars  having  line  and  end-measure,  thus  providing  mean& 
for  testing  the  accuracy  of  the  pitch  of  screw  threads  of  any  desired 
length,  and  for  standard  length  gauges  up  to  thirty-six  inches,  or  to  a 
meter. 

The  coefficient  of  expansion  has  been  determined  for  each  by  Pro- 
fessor Rogers  with  the  most  scrupulous  exactness  as  stated  in  his 
report,  and  also  the  relation,  at  62°F.,  between  these  steel  bars  and 
the  two  bronze  standards,  both  of  which  are  line  measure,  (the  latter 
are  described  in  the  paper  previously  referred  to)  so  that  gauges  of  any 
size  may  be  made  almost  independently  of  temperature,  other  than  the 
care  required  in  keeping  this  condition  as  nearly  uniform  as  possible 
for  both  the  reference  and  the  measured  bar  during  the  time  of  the 
transfer,  or  the  determination  after  having  been  transferred. 

The  subject  of  accurately  producing  standard  leading  screws  ia 
receiving  its  share  of  attention,  and  those  who  use  micrometers  will 
readily  understand  its  bearing  upon  the  precision  with  which  they  may 
be  made,  and  how  unsatisfactory  because  of  the  necessary  corrections 
to  be  applied  in  many  instances,  even  when  standard  at  some  one  part 
of  the  divided  head — a  uniform  lead  or  pitch  of  the  screw,  however 
much  may  be  the  total  error  (within  a  reasonable  limit),  making  a  great 
improvement  in  their  construction. 

Besides  a  complete  set  of  end-measure  gauges,  varying  by  sixteenths 
from  one-quarter  to  four  inches,  there  is  now  ready  for  inspection  a 
complete  plant,  consisting  of  tools  and  fixtures  for  producing  the 
standard  United  States  or  Franklin  Institute  thread  gauges,  every 
detail  having  been  carefully  considered,  and  every  difficulty  overcome 
in  the  operation  for  perfecting,  not  only  these  standard  gauges  as  to 
size,  but  the  pitch  of  the  thread,  the  correct  angle,  and  the  width  of 
flat  at  the  top  and  bottom  of  the  thread.  The  accuracy  of  this  work  is 
now  open  to  the  inspection  of  all  who  may  be  interested,  and  rapid 
duplication  by  machined  work  is  now  an  assured  success. 

It  is  the  conviction  that  the  "  bottom "  has  finally  been  reached, 
that  warrants  the  Pratt  and  Whitney  Company  in  thus  inviting  a. 
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thorough  inspection  of  the  means  available,  and  the  methods  employed, 
for  producing  standard  gauges,  and  earnestly  desiring  an  impartial  ver- 
dict as  to  its  accuracy  and  practicability,  whether  or  not,  the  system  as 
adopted  and  carried  out,  has  any  real  merit  upon  which  the  confidence 
of  those  using  gauges  for  interchangeable  work  may  be  safely  based. 

DISCUSSION. 

Professor  Robinson  :  This  paper  is  of  the  highest  merit  and  of 
the  greatest  possible  interest  to  members  of  the  Society,  and  it  is  a 
matter  of  great  satisfaction  to  the  mechanical  engineers  of  this  country 
that  there  is  some  one  who  is  able  to  take  hold  of  this  question  and 
treat  it  so  ably  as  it  has  been  treated  ;  and  inasmuch  as  the  methods 
and  results,  as  stated  by  the  reader,  are  laid  open  for  inspection  by 
others,  I  think  it  is  due,  in  consideration  of  the  amount  of  effort  and 
expense  which  has  been  given  to  this  matter,  that  the  Society,  as  a 
matter  4[  duty,  should  appoint  a  committee  to  avail  itself  of  the 
privileges  offered  of  investigating  this,  and  of  making  such  a  statement 
regarding  it  as  will  be  found  advisable ;  and  undoubtedly  this  is  a 
thing  which  the  Society  will  be  willing  and  anxious  to  endorse  in 
every  particular  as  a  standard  of  the  country.  For  one,  I  should  be 
glad  to  see  a  committee  appointed  to  give  this  matter  the  attention  it 
deserves. 

Professor  Egleston  :  I  notice  that  there  is  no  reference  in  this 
paper  to  any  instrument  in  the  shape  of  a  caliper  of  any  kind  used  as 
a  gauge.  I  do  not  know  whether  the  members  of  the  Society  are 
familiar  with  the  fact  that  in  1875  the  Institute  of  Mining  Engineers 
appointed  a  committee  on  .standard  gauge,  and  that  committee  came  to 
just  exactly  the  conclusion  which  is  expressed  here,  that  diameters  Op 
linear  measures  ranging  in  fractions  of  a  millimeter  or  an  inch  were 
the  only  gauges  which  were  standard  or  could  be  .standard.  It  is  a 
peculiar  gratification,  as  a  large  part  of  the  work  fell  to  my  hands,  to 
see  that  idea  so  fully  sustained.  It  is  a  matter  of  a  great  deal  more 
importance  than  perhaps  would  appear  just  now.  I  believe  the 
English  engineers  are  again  agitating  the  ({uestion  of  stiindards,  and 
are  going  back  to  the  old  ciUiper  idea.  So  I  have  heard  recently. 
So  I  think  it  is  really  a  retrograde  movement.  Most  of  you  may 
know  the  fact,  l)ut  we  discovered  in  the  course  of  our  investigations 
Whole  No.  Vol.  CXV. — (Third  Series,  Vol.  Ixxxv.)  'A2 
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that  if  you  take  a  dozen  standard  gauges,  so-called,  out  of  any  package^ 
you  will  find  no  two  of  them  alike. 

The  President  :  I  suppose  the  members  would  be  interested  if 
Mr.  Pratt  would  tell  us  how  they  w^ent  to  work  in  this  undertaking. 
Mr.  Pratt  told  us  tlie  story  at  Hartford,  but  many  gentlemen  are  here 
to-day  who  were  not  wath  us  then,  and  I  presume  it  would  be  very 
interesting  to  all  to  know  how  Messrs.  Pratt  and  Whitney  were  led 
into  this  prolonged,  expensive,  and  nice  investigation. 

Mr.  Pratt  :  I  will  relate  the  story  in  the  briefest  possible  way.. 
We  were  called  upon  to  furnish  a  set  of  standard  thread  gauges,  and 
of  course  the  first  thing  to  do  was  to  get  the  sizes,  and  upon  examining 
the  different  makes  of  gauges  we  found  no  two  sets  alike,  and  we  were 
forced  to  commence,  as  we  thought,  at  the  bottom,  and  at  that  time,  in 
sending  about  a  foot-piece  that  we  had  obtained,  we  found  that  those 
investigating  it  did  not  agree  upon  its  value.  Among  othersT^rofessor 
Rogers  was  applied  to,  to  investigate  the  foot-piece,  and  he  had  quite  a 
struggle  over  it  with  some  of  our  prominent  manufacturers  of  gauges. 
They  could  not  agree,  and  Professor  Rogers  took  it  upon  himself,  at 
his  own  expense,  to  go  to  Europe,  and  go  to  the  bottom  of  the  thing.. 
He  visited  the  best  authorities  in  Europe,  and  spent  four  months  there  in 
investigation.  After  we  had  obtained  the  services  of  one  of  the  gradu- 
ates of  the  Stevens  Institute,  and  in  connection  with  Professor  Rogers,, 
we  constructed  two  comparators,  one  of  which  Professor  Rogers  has 
himself,  and  one  of  which  we  have;  they  being  exactly  alike.  After 
Professor  Rogers  returned  he  investigated  the  foot-piece,  and  found  it 
to  be  about  what  he  had  found  it  to  be  before,  and  then,  after  the  new- 
comparator  was  finished,  he  found  his  statement  verified.  Previous  to 
this  time,  fortunately,  Professor  Rogers  had  been  for  several  years 
constructing  a  ruling  machine,  and  he  had  it  completed  about  this 
time.  We  have  gone  very  carefully  into  this  thing.  I  do  not  feel 
egotistic  about  it  at  all.  What  we  want  is  that  every  one  who  is 
interested  in  the  matter,  every  society  that  takes  any  interest  in  it,, 
should  come  and  examine  our  methods  and  our  measurements.  If 
they  are  good,  let  us  have  a  standard.  If  they  are  not,  let  us  throw 
them  away.  It  has  cost  us  probably  twenty  thousand  dollars  to-day 
and  I  am  willing  to  throw  it  away  if  anybody  can  show  us  better. 
We  want  a  standard,  and  I  will  not  stand  in  the  way  of  any  one  else 
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who  has  a  better  machine.     I  feel  very  inuch  interested  in  the  subject 
myself;  and  I  think  we  shall  succeed  in  what  we  have  undertaken. 


Supply  of  Air  to  Houses. — MM.  Autier  and  Mongey  have 
devised  plans  for  the  distribution  of  cool,  fresh  air  to  houses.  The 
former  proposed  to  employ  a  feeble  pressure,  while  the  latter  recom- 
mends a  pressure  of  five  or  six  atmospheres,  together  with  special 
refrigeration,  in  order  to  obtain  increased  cold  by  expansion,  on  the 
plan  of  the  frigorific  engines  of  Windhauser,  P.  Gifferd,  etc.  The 
Holley  system,  as  employed  by  the  Steam  Supply  Company  in  Lock- 
port,  is  quoted  as  an  evidence  of  the  economy  of  large  public  provisions 
for  the  distribution  of  such  means  of  family  comfort  as  heat,  gas,  fresh 
air,  and  relief  from  the  oppressive  heats  of  summer.  The  distribution 
of  such  air  would  not  only  contribute  to  bodily  comfort  and  public 
health,  but  it  would  also  retard  the  fermentations  and  decompositions 
of  animal  and  vegetable  substances,  and  it  might,  at  the  same  time,  be 
employed  to  furnish  motive  power. — Chron.  hidustr.  C. 


AN  EXTENSION  OF  THE  THEOREM  OF  THE  VIRIAL 

ANi)   ITS   APPLICATION   TO   THE   KINETIC 

THEORY  OF  GASES.* 


By  H.  T.  Eddy,  C.  E.,  Ph.  D.,  ITniversity  of  Cincinnati. 


1.  Introductory. 

Clausius  published,  in  1870,  a  paper  upon  a  New  Mechanical  Theorem 
Applicable  to  Heat,f  which  he  designated  as  the  Theorem  of  the  Virial, 
and  which  he  applied  to  the  stationary  jjrogressive  motion  of  the  mole- 
cules of  gases. 

The  object  of  this  paper  is  to  demonstrate  an  analogous  theorem 
applicable  to  the  stationary  rotary  motion  of  the  molecules  of  gases, 
and  by  the  aid  of  these  two  theorems  to  improve,  to  some  extent,  the 
kinetic  theory  of  ga.ses,  especially  in  removing  an  heretofore  inexplic- 

*  From  the  Scientific  Proceedings  of  the  Ohio  Mechanics'  Institute,  for 
Mjirch,  1883. 
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able  contradiction  between  the  theoretic  and  experimental  values  of  the 
ratio  of  the  specific  heats  of  a  gas.  To  accomplish  this  most  simply, 
it  has  seemed  best  to  repeat  here,  in  tlie  first  place,  the  more  important 
parts  of  Clausiiis'  original  investigation,  which  he  has  supplemented 
by  a  number  of  important  papers  which  have  been  translated  and  pub- 
lished in  the  PlnlosopJiical  Magazine,  between  1870  and  1876.  Of 
these  papers,  the  one  most  closely  related  to  the  original  paper  is  one 
"On  Different  Forms  of  the  Virial.''* 

2.  Clausius'    Theorem    respecting    Stationary    Progressive 

Motion. 

A  material  system  is  said  to  be  in  stationary  motion  when  the  bodies 
of  which  it  is  composed  do  not  continually  depart  from  their  initial 
positions,  and  their  velocities  do  not  continually  recede  from  their 
initial  values.  The  molecules  of  a  gas  in  equilibrium  are  regarded  as 
constituting  such  a  system.  For  the  sake  of  definiteness,  let  the  system 
of  molecules  under  consideration  be  that  constituting  one  unit  of  mass 
of  gas  contained  within  impervious  walls,  although  the  same  laws 
will  evidently  hold  in  case  the  walls  are  merely  imaginary  boundaries 
conceived  as  separating  the  unit  of  gas  from  other  surrounding  units. 
Let  m  be  the  mass  of  any  molecule  of  this  gas,  and  xyz  its  .rectangular 
co-ordinates  referred  to  any  origin ;  let  A'  YZhe  the  components  along 
the  axes  of  xyz  respectively  of  the  resultant  of  all  the  external  forces 
acting  upon  the  molecule  m,  taken  as  positive,  when  they  tend  to  increase 
the  co-ordinates  xyz  resjiectively. 

Now,  by  the  principles  of  the  differential  calculus,  we  have  the 
identical  equation, 

(F{x^)  d    /     dx\    _    /dxy  d^x 

^  '~dF   '^  ~dtV  'dt)    ^    Ut)    ^""'dJ'  ^^ 

as  may  be  seen  by  performing  the  diiferentations  expressed  in  the  first 
two  terms. 

But  by  the  fundamental  equations  of  dynamics  expressing  D'Alem- 
bert's  principle : 

™9  =  X  .  (2) 

Substitute  from  (2)  in  (1),  etc. 

m   /dxy  m  d\x^)         x 

''•  ^\dt)    =^~dF  ~  2^-  ^'^^ 


*Phil.  Mag.,  Series  4,  vol.  48,  1874,  p.  1. 
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The  first  member  of  (3),  being  one-half  the  product  of  the  mass  by 
the  square  of  the  velocity  along  x,  expresses  the  energy  of  progressive 
motion  of  m  parallel  to  x  at  any  instant  when  its  co-ordinate  is  x,  and 
the  force  moving  it  in  that  direction  is  A'. 

In  order  to  find  the  mean  or  average  value  of  this  energy  during 
any  interval  of  time  f,  (3)  must  be  multiplied  by  dt,  integrated  between 
the  limits  0  and  t,  and  then  the  result  divided  by  t,  this  being  the  ordi- 
nary process  for  finding  the  mean  value  of  anv  function  for  the  time  t. 

The  two  integrals  in  (4)  are,  as  just  stated,  expressions  for  the  mean 
values  of  the  corresponding  expressions  in  (3) :  but  the  quantity  not 
under  the  integral  sign  is  of  a  diiferent  nature ;  it  is  the  difference 
between  the  final  and  initial  values  (as  expressed  by  the  subscripts)  of 
a  function  whose  final  and  initial  values  may  (if  t  be  proi)erly  chosen) 
be  equal,  in  wliich  case  the  difference  would  vanish.  But  it  is  unneces- 
sary so  to  choose  t  that  the  difference  vanishes ;  for,  by  reason  of  the 
divisor  t,  it  appears  that  if  t  be  taken  sufficiently  large,  the  terra  under 
consideration  vanishes,  even  though  the  final  and  initial  values  are  not 
equal,  since  they  cannot  recede  indefinitely  from  each  other.  That 
they  cannot  so  recede  appears  from  the  identical  equation,  obtained  in 
the  same  manner  as  (1) :   • 

d(xr)  dx 

from  which  it  appears  that  the  expression  under  consideration  is 
dei)endent  upon  the  products  of  ([uantities  (co-ordinates  and  velocities) 
which,  by  the  definition  of  stationary  motion,  cannot  recede  indefinitely 
from  their  initial  values. 

Let  now  x  y  z  denote  no  longer  the  co-ordinates  of  m  at  any  particular 
instant,  but,  instead,  their  mean  values  during  the  time  t;  and,  simi- 
larly, let  A'  FZ  denote  mean  values,  and  let  x'y'z'  be  the  corresponding 
mean  velocities  along  the  axes.  Hence,  we  may  write  (4),  and  the  two 
similar  equations  w  ith  respect  to  the  axes  of  y  and  z,  as  follows : 

vix'-  =  —  X  X,     my''^  =  —  y  V,     mz'^  =  —  zZ,  (6) 

in  which,  as  just  stated,  the  variables  express  mean  values  during  the 
interval  f,  which  may  be  taken  so  large  as  to  give  them  sensibly  con- 
stant values. 

r^et  the  unit  of  gas  under  consideration  consist  of /»  molecules,  which 
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may  have  equal  or  uDequal  masses;  then  equations  like  (6)  apply  to 
each  of  the  n  molecules,  whose  masses  may  be  distinguished  one  from 
another  by  giving  to  m  successive  subscripts  from  1  to  n.  Suppose 
these  equations  formed,  and  take  their  sum  : 

.  •  .  i  I^^m{x'^  +  y'-'  +  z'^)  =  —  i  ^;°(xX  +  3/  F  +  zZ).  (7) 

The  first  member  of  (7)  is  the  kinetic  energy  of  the  progressive 
motion  of  the  members  of  the  systems,  and  the  last  member  is  called 
the  virial  of  the  system,  and  depends  for  its  value  upon  the  mean 
forces  acting  upon  the  molecules  and  upon  their  mean  positions. 

The  theorem  which  has  now  been  demonstrated,  may  be  thus  stated : 
the  mean  kinetic  energy  of  the  progressive  motion  of  a  system  in 
stationary  motion  is  equal  to  its  virial. 

The  forces  which  act  upon  the  molecules  of  the  gas  will,  in  general, 
consist  of  two  parts :  the  external  forces,  which  may  be  taken  to  be 
the  pressure  at  the  surface  of  the  walls  of  the  enclosing  vessel,  and  the 
internal  forces,  due  to  intermolecular  attractions  oi  repulsions.  To 
compute  the  virial  of  the  external  pressure,  let  the  closed  surface  con- 
taining the  unit  of  gas  under  consideration  be  of  any  shape  whatever. 
It  is  evident  that  the  pressure  exerted  upon  the  enclosed  gas  in  equi- 
librium will  be  normal  to  the  surface.  Let  p  be  the  pressure  per  unit 
of  area,  and  let  dShe  the  element  of  area  of  the  enclosing  surface,  and 
I  the  cosine  of  the  angle  which  the  normal  to  the  element  makes  with 
the  axis  of  x.  Also  let  X=^  X'  -\-  X",  in  which  X'  is  the  part  of 
the  total  component  force  X,  which  is  due  to  the  pressure  p,  and  X" 
is  the  remainder  of  the  component  X,  due  to  internal  attractions,  etc. 
It  is  to  be  noticed  that  the  sign  of  p  is  opposite  to  that  of  X',  because 
p  tends  to  cause  the  molecules  to  approach  each  other,  while  X'  tends, 
when  positive,  to  make  them  recede  from  the  origin,  and  so  from  each 
other.     Then  I  d  8  =  d  y  d  z. 

.  •  .     —  1  2'," xX'  =  ^fxpldS=^-^ffxdydz.  (8) 

In  (8)  the  single  integration  in  the  second  member  is  to  be  extended 
only  over  the  enclosing  surface,  for  those  molecules  alone  are  acted 
upon  by  the  pressure  which  are  at  the  surface ;  but  the  double  inte- 
gration in  the  last  member  is  to  be  extended  throughout  the  whole 
volume  V  enclosed  within  the  surface.  In  fact,  the  double  integral  in 
(8)  expresses  the  total  enclosed  volume  v  occupied  by  the  unit  of  gas : 

.-.     hy{S),--^lYxX^ipv,  (9) 
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■with  similar  equations  for  y  and  z,  which,  being  added  to  (9),  give  the 
total  virial  due  to  the  external  pressure  to  be  • 

-  i  S,^{xX'  +  yY'  +  zZ')  =  ^pv.  (10) 

In  order  to  compute  the  part  of  the  virial  due  to  intermolecular 
forces,  let  R  be  the  attractive  force  between  any  pair  of  molecules,  a.s 
mj  and  m.^,  and  let  r  be  the  distance  between  them  ;  then  is  (x^  —  a^g)  -^-  r 
the  cosine  of  the  angle  which  the  attraction  with  which  Wj  is  drawn 
;to wards  m^  makes  with  the  axis  of  x; 

i.  e.,       —  X''  =  •:^L^3  R  etc. 

.-.  -(x,x,"  +  x,xn=^^-^~R,  (11) 

with  two  similar  equations  with  respect  to  the  axes  of  y  and  z. 

Now  take  the  sum  of  the  three  equations  similar  to  (11)  for  each 
"different  pair  of  molecules  in  the  system  between  which  intermolecular 
forces  exist,  and  noticing  that 

{^2  —  ^if  +  (3/2  —  yif  +  ih  —  hf  =  r",  etc. 
the  virial  of  the  intermocular  forces  becomes 

—  I  ^\"  (.rA'"  +  2/  F"  +  zZ")  =  I  IrR.  (12) 

The  sum  of  the  right-hand  members  of  (10)  and  (12)  is  the  total 
virial  of  the  external  pressures  and  intermolecular  forces.  Should  there 
"be  other  forces  of  sufficient  magnitude  to  bo  of  importance,  as  gravi- 
tation, electrical  forces,  etc.,  they  must  be  also  computed  and  added  to 
this  sum.     Neglecting  all  these,  we  obtain  from  (7),  (10)  and  (12), 

I  l\'^m{x"  +  y"  +  z'-')  =  ^pv  +  }  IrR.  (13) 

3.  A  New  Theorem  Respecting  Stationary  Rotary  Motion. 

Let  A  B  C  he  the  moments  of  inertia  of  any  molecule  of  mass  wi, 

with  respect  to  its  principal  axes. 

dd  dif  dip  1     .  .  •     .     I 

Let    YiTTt^fi  '  ^"f5^"^^'  velocities  al)out  these  principal  axes, 

then  are  6,  (p,  (p  angular  co-ordinates  with  reference  to  some  initial 
lines  yet  to  be  assumed. 

Let  LMN  be  the  respective  components  about  these  same  axes  of 
ithe  resultant  of  all  the  couples  acting  upon  the  molecule. 
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Then,  by  Euler's  equation  of  rotary  motion, 

witli  a  similar  equation  with  respect  to  each  of  the  two  remaining 
principal  axes. 

The  following  identity  also  holds : 

cF(d')        d  /dd\        /ddy       d'&  ,    ^ 

as  appears  by  performing  the  differentiations  expressed  in  the  first  two 
members. 

Substitute  from  (lo)  in  (14),  etc.: 

which,  with  a  similar  equation  with  respect  to  each  of  the  two  other 
principal  axes,  is  an  equation  of  rotation  applicable  to  any  solid  body, 
in  which  the  first  member  expresses  the  energy  of  rotation  about  the 
axis  considered. 

In  order  to  apply  (16)  to  stationary  rotary  motion,  the  mean  value 
of  its  various  terms  must  be  found  during  the  interval  t,  as  was  done 
previously  in  case  of  stationary  progressive  motion. 

Let 


t  J  0    \dt) 


then  d'"^  is  the  mean  square  of  the  angular  velocity  about  the  first  prin- 
cipal axis. 

The  integral  of  the  second  term  is 

2t\dt/t  2t\dt)o 

in  which  the  subscripts  denote  the  limits  to  be  substituted.  This 
expression  vanishes  ultimately,  as  appears  from  considerations  like 
those  adduced  in  connection  with  (4)  and  (5). 

The  mean  value  of  the  product  -^  ^,  also  vanishes,  for  it  is  evi- 

d  t  dt 

dent  that  positive  and  negative  angular  velocities  are  equally  frequent. 

Let  d  and  L  no   longer  denote  particular  values,  but  instead   let 

them  denote  mean  values  of  those  quantities,  and  we  have 

Ad''  =  —  dL,      Bf"=  —  <pM,      C</>''  =  —  </>N,      (17) 


May,  1883.]  Kinetic  Theory  of  Gases.  345' 

Add  these  equations,  and  the  sum  for  n  molecules  is 

.-.  J  l','^  {A  d"  -\-B(f'^+  C<P'^)  =  —  lI,^{dL  +  (pM+4>N),      (18) 

in  which  the  first  member  is  the  total  rotary  energy  of  the  system  and 

the  second  member  can  be  reduced  to  a  form  like  that  which  has  been 

previously  obtained  for  the  virial  in  case  of  progressive  motion.     For 

let 

L=o,X\      3I=p,Y',      N=p,Z',  (19) 

in  which  X' ,  Y',  Z'  are  the  mean  component  forces  acting  upon  the 
molecules,  with  the  exception  of  the  intermolecular  attractions,  and  py^ 
Pit  Pz  fire  the  arms  of  the  mean  couples  L,  31,  N,  respectively. 

Let 

x=Op„    y  =  c!>2,     z  =  4'Pz,  (20> 

in  which  x,  y,  z  are  mean  co-ordinates ;  then  (20)  will  determine  the 
initial  lines  from  which  d,  (p,  (p  are  measured. 

By  (19)  and  (20)  wc  have 

2\"  {OL  +  cpM+iP  N)  =  2\°  {xX'  +  3/  F'  +  zZ'\  (21) 

.-.  by  (18), 

i  2'i"  {A  6'^  +  Bip'^-[-  Cil<'-)  =  —  l  lY  {xX'  -j-yV  +  zZ').    (22) 

It  is  evrdent  that  the  distribution  of  the  kinetic  energy  of  the  sys- 
tem of  molecules,  both  rotary  and  progressive,  is  effected  by  the 
encounters  of  the  molecules  with  each  other,  and  with  the  bounding 
surface.  The  progressive  motion  is  also  directly  affected  by  the  inter- 
molecular attractions,  while  the  rotations  cannot  be  directly  accelerated 
by  these  attractions,  and  this  is  the  reason  why  they  are  not  included 
in  the  forces  entering  the  virial  of  rotation.  When  the  inter-atomic 
attractions  vanish.  A' ^  A'',  F=  Y',Z=Z',imd  in  all  permanent 
gases  these  equations  are  known  to  be  very  approximately  true. 

Now    by    (10),  which    included    only    the   external    pressure,    and 

l\v  (22), 

h  ^"i"  {A  d'^  ^  B<f'^  +  Cil''^)  =  ipv.  (23) 

Hence,  by  (13)  and  (23)  we  have  for  perfect  gases 

}  i'l"  {A  d"  -{-  B<p''-^  tW>'-)  =  h  ^',"  m  {x'^  -f-  y''  +  z")       (24) 

Equation  (24)  states  that  the  mean  progressive  energy  of  the  mole- 
cules is  for  perfect  gases  the  same  as  their  mean  rotary  energy.  For 
imperfect  gases,  however,  the  energy  of  progressive  motion  differs  very 
slightly  from  that  of  the  rotary  motion  ;  a  fact,  the  consequences  of 
which  will  be  more  completely  discussed  in  the  latter  part  of  this 
paper. 
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From  this  general  statement  of  the  equality  of  the  mean  rotary  and 
progressive  energy  of  the  molecules,  the  special  cases  must,  however, 
be  excepted  in  which  one  or  more  of  the  couples  L,  M,  N  vanish  iden- 
tically. These  couples  may  evidently  all  three  so  vanish  when  the 
molecules  are  in  effect  smooth  spheres,  and  a  single  one  of  them  may 
vanish  in  cases  where  the  molecules  may  be  regarded  as  smooth  solids 
of  revolution. 

When  L  =  M=N=0 

i.  e.,  all  three  couples  vanish,  we  have  by  (19) 

Pl  =  P2  =  P3  =  0, 

in  which  case  equation  (20)  cannot  be  assumed  to  hold  true.  It  appears, 
however,  from  (17)  that  in  this  case  the  energy  of  rotation  about  each 
axis  vanishes. 

In  case  a  single   couple,  only,  vanishes,  let,  for  example,  i  =  0 ; 
then 
i  lY  {B  if''  +  C<P'')  =  -^^,-  {y  Y'  +  zZ')  =  1  2\"  m  iy'^  +  z'^),  (25) 

in  which  the  first  member  is  the  mean  total  energy  of  rotation,  and 
the  last  is  two-thirds  the  mean  total  progressive  energy,  as  is  evident 
from  the  symmetry  of  the  axes  x,  y,  z. 

Nothing  has  so  far  been  said  as  to  the  amount  of  the  kinetio  energy 
of  atomic  vibration  within  the  molecule,  a  question  which  we  shall 
-consider  subsequently ;  but  we  may  here  remark  that  there  is  nothing 
in  the  preceding  investigation  of  rotary  motion  which  would  lead  us 
to  restrict  its  application  to  those  molecules  alone  in  which  A,  B,  C  are 
constant,  although  it  appears  not  unreasonable  to  suppose  that  the 
molecules  of  any  substance  are  unchanged  in  their  general  character  by 
change  of  state  of  aggregation,  and  that  whether  a  substance  be  solid, 
liquid  or  gaseous,  the  molecules  of  which  it  is  composed  may  be 
regarded  as  nearly  rigid ;  i.  e.,  incapable  of  deformation  to  any  con- 
siderable extent  by  finite  forces,  which  is  equivalent  to  supposing  A, 
B,  C  nearly  invariable.  We  shall  therefore  take  the  terms  expressing 
mean  energy  of  rotation  to  express  mean  values  when  the  moments  of 
inertia  as  well  as  the  rotary  velocities  are  subject  to  fluctuations  of 
value  consistent  with  the  state  of  stationary  motion. 

That  atomic  vibrations  do  exist  may  be  considered  to  be  a  fact  from 
spectroscopic  evidence,  for  the  lines  in  gaseous  spectra  cannot  be 
directly  due  to  the  very  moderate  progressive  velocity  of  the  molecules, 
but  are  rather  to  be  ascribed  to  the  intense  vibrations  set  up  within  the 
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molecules  by  their  mutual  encounters,  which  vibrations  would  rapidly 
be  extinguished  by  the  energy  they  radiate,  did  they  not  also  receive 
radiant  energy  from  external  sources. 

Should  any  difficulties  be  felt  as  to  admitting  that  the  mean  value 
of  the  last  term  but  one  in  (IG)  vanishes,  as  was  done  in  obtaining 
(17),  it  is  to  be  noticed  that  whenever  two  of  the  moments  of  inertia 
of  the  molecule  are  equal,  as  for  example  M  ^=  N,  then  (17)  hold 
from  this  consideration  also,  for  then  must  the  corresponding  mean 
angular  velocities  be  equal  by  symmetry,  which  with  the  equality  of 
the  two  moments,  31  and  N,  is  sufficient  to  insure  the  equalities 
expressed  in  (17). 

The  hypothesis  that  31  =  N  must  in  many  cases  be  correct,  and  it 
may  perhaps  be  shown  in  all  cases  not  to  be  far  from  the  truth,  when, 
as  stated,  (17)  will  hold  for  this  reason  alone. 

(To  be  continued.) 


SECOND  LAW  OF  THERMO-DYNAMICS. 


By  De  Volsox  Wood,  M.A. 

In  the  last  number  of  this  Journal  is  an  article  i)y  Professor 
Eddy,  in  which  he  attempts  to  show  how  radiant  heat  may  be  made 
an  exception  to  the  second  law  of  Thermo-dynamics;  but  it  appears  to 
us  that  the  a.ssumptions  involve  fallacies  which  are  fatal  to  the  proof. 

t .__. r ^1 

I 
1 


We  hold  that  it  is  impossible  for  a  series  of  projectiles,  or  a  train  of 
projectiles,  or  a  ray  of  light,  or  a  ray  of  heat  to  pass  from  the  body 
A  freely  through  the  opening  of  the  screens  and   reach  tlie  body  B  as 


348  Stellar  Photography.  [jour.  Frank.  Inst, 

claimed,  and  at  the  same  time  prevent  those  from  B  reaching  A  ; 
and  unless  Professor  Eddy  can  show  that  our  position  is  erroneous,, 
the  supposed  proof  fails. 

First,  suppose  that  the  mill  is  so  constructed  that  the  screen  c  will 
intercept  all  the  rays  from  B  passing  through  the  openings  b^,  62,  etc., 
and  are  reflected  back  by  the  solid  part  of  c. 

,«■  I 


Let  all  the  spaces  and  openings  be  equal,  and  the  screen  c  midway 
between  a  and  b.  The  spaces  in  the  screen  c  will  not  be  exactly  on 
the  line  of  the  openings  a^  b^,  but  will  be  a  little  below  that  line,  so 
that  when  all  the  screens  are  moved  upward  with  the  velocity  and  in 
the  manner  assigned  by  Professor  Eddy,  the  spaces  c  will  be  on  the 
line  A  B  when  the  wave  from  B  reaches  c.  Under  these  conditions  no 
ray  from  B  can  pass  the  screen  c.  The  rays  being  normal  to  the 
screens,  it  follows  for  the  same  reason  that  none  of  the  rays  from  A  can 
pass  the  middle  screen  if  the  openings  in  a  are  directly  opposite  those 
of  6.  If  the  openings  in  a  are  higher  or  lower  than  those  in  b,  some 
or  all  of  the  rays  passing  through  the  openings  in  a  will  also  go  through 
c  and  pass  on  to  the  screen  6,  but  there  they  will  be  intercepted  by  the 
solid  ])art  of  the  screen  b.  It  follows  then  that  none  of  the  rays  from 
A  can  reach  B  if  those  from  B  are  prevented  from  reaching  A.  It 
scarcely  requires  any  additional  reasoning  to  show  that  if  the  rays 
from  A  reach  B,  those  from  B  icill  reach  A,  and  thus  defeat  the  object 
of  the  inventor. 

The  Second  Law,  as  stated  by  Clausius,  is  still  valid,  even  with  a 
finite  velocity  of  propagation. 


Stellar  Photography. — By  an  exposure  of  140  minutes.  Draper 
has  succeeded  in  photographing  stars  smaller  than  the  fourteenth 
magnitude.  He  hopes  to  be  able  to  photograph,  ere  long,  stars  which 
arc  too  small  to  be  seen  in  his  nine-inch  telescope. — Les  Mondes.     C. 
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PHOTODYXAMIC    VIRIALS   IX    THE    SOLAR    SYSTEM. 


By  Pliny  Earle  Chase,  LL.D. 

The  theory  of  the  virial,  or  mean  vis  viva  during  stationary  motion, 
enables  us  to  co-ordinate  all  forms  of  cyclical  motion,  rotary,  orbital 
and  oscillatory.  The  grandest  manifestations  of  the  virial,  which  are 
given  in  cosmical  motion,  must  be  governed  by  the  same  laws  as  govern 
molecular  movements.  The  complete  development  of  the  theory  should, 
therefore,  remove  all  the  obscurity  which  still  clings  to  the  doctrine  of 
radiodynamic  unity. 

A  few  cosmical  illustrations  will  show  the  simplicity  which  consider- 
ations of  mean  energy  introduce  into  tiie  approximate  solution  of 
problems  which  would  otherwise  be  exceedingly  complicated.  The 
illustrations  are  based  upon  the  following  postulates. 

L  "J^hat  cosmical  masses  represent  internal  energies,  such  as  would 
be  found  if  they  were  condensed  from  some  primitive,  tenuous,  elastic 
form  of  matter. 

2.  That  all  chemical  elements  may  have  been  condensed,  in  like 
manner,  from  a  single  primitive  element,  or  jether. 

3.  That  the  velocity  which  enters  into  the  primitive  radial  virial  of 
the  oscillating  aetherial  particles  is  the  velocity  of  light  (v , ). 

4.  That  the  stiitionary  motions  of  central  inert  masses,  which  repre- 
sent the  equal  actions  and  reactions  of  })rimitive  and  derivwl  virials, 
should  continue  until  the  velocity  of  the  primitive  virial  has  been 
alternately  acquired  and  lost. 

5.  That  all  stationary  motions  which  represent  equal  actions  and 
reactions  should  be  harmonic. 

Solar  or  stellar  centres  of  planetary  systems,  are  central  inert  masses, 
which  are  endowcKl  with  velocities  of  stationary  motion,  tending  to  give 
velocities  of  stationary  orbitid  revolution,  sending  forth  lethereal  oscil- 
lations with  the  velocity  of  light,  and  representing  internal  energies 
like  those  which  would  spring  from  nebular  condensation. 

Circular  orbital  velocity  which  is  due  to  solar  action,  may  be  repre- 


sented by  the  equation,  c,,  =z^   c/^r^.  1 

The  limiting  value  of  r„,  which  it  cannot  exceed,  is  found  at  sun's 
surface  (rj,  where  g  is  a  maxinuim.     It  may  be  represented  by 

[i'o]=i  fLr.  2 
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The  3d  and  4tli  postulates  lead  to  the  equation 

This  equation  holds  good  for  all  values  of  r  in  an  expanding  or  con- 
tracting nucleus,  inasmuch  as  g  varies  as  — ^,  and  the  principle  of  con- 

r" 

servation  of  areas  requires  that  the  time  of  rotation  should  vary  as  r^. 
The  product  of  the  two  factors  should,  therefore,  be  constant. 

The  rotating  sethereal  tendency  of  stationary  motion,  which  is  limited 
by  equations  (2)  and  (3),  gives  the  following  value  for  the  limiting 
radius  of  orbital  and  tethereal  tendencies. 


P, 


Laplace's  limit  of  equal  rotary  and  orbital  velocity  (I)  is  given  by  the 
equation 

The  limit  at  which  the  equatorial  rotary  velocity  of  stationary  motioD 
would  give  [r„]  is 

3.  3 

l\^  /I     \2 


The  limit  at  which   the  equatorial  velocity  of  stationary  motion 
would  give  v^,  as  deduced  from  (4)  and  (6),  is 


[']- 


The  limit  of  a   homogeneous   elastic  sethereal  atmosphere,    which 
would  propagate  undulations  with  the  velocity  of  light,  is 


The  virials  of  rotating  tendency  must  influence  grosser  inert  particles 
or  masses,  as  w^ell  as  the  sethereal  atmosphere.  Loci  of  important  influence 
may  be  found  at  radii  of  mean  sethereal  momentum  (/>  ),  of  linear  os- 

cilation  (pq),  of  reciprocal  linear  oscillation  (p  ),  of  spherical  oscilla- 
tion (/) ^),  and  of  reciprocal  spherical  oscillation  (p  ).  Taking  ^,  as 
the  virial  locus  of  these  several  oscillatory  centres,  we  have 


May,  1883.]  Photodynamic  Virials  in  the  Solar  System.  351 

/>^  =  1-5  f,^  10 

r,  =  2-op^  12 

f\=     ^f\  13 

The  tangential  virial  of  an  0!?cillating  fethereal  particle  (jut  ),  is  ^ 

of  the  radial  virial  of  wave  propagation  for  the  same  particle  (j^q).     I 

first  called  attention  to  this  relation  in  1872.*     Maxwell  subsequently 
published  it,  apparently  as  an  independent  deduction,  in  1877. f 

f'a  =  1-8  ^0  14 

An  energy  which  is  .wholly  transferred  from  one  fethereal  mass  to 
another  equivalent  fethereal  mass,  must  be  accompanied  by  a  like  trans- 
fer of  velocity,  whether  the  transfer  is  through  torsion  (v.),  rotation 

(v  ),  heat  (va),  work  {v  ),  electricity  (v  ),  or  gravitation  (v  ). 

We  have,  therefore,  for  limiting  velocities, 

V.  =  V   =  ?)    :^  ?•/,  =  r     =  r    =  t?  15 

A         t         r         (7         w         e         Y 

In  cyclical  movements  which  are  due  to  virial  transfers,  these  seve- 
ral equivalents  may  be  indicated  by  equations  analogous  to  (3). 

In  order  to  test  the  foregoing  equations,  let  us  take  sun's  semi- 
diameter  (rj  as  the  unit  of  length,  and  the  British  Nautical  Almanac 
estimate  of  sun's  apparent  semi-diameter  (9G1"*83)  as  the  parallactic 
unit.     We  then  find,  for  earth's  semi-axis  major, 

/>3  ==  214-45  r„.  16 

Earth's  mean  orbital  velocity  (1)  may  be  found  by  dividing  2  Ttp^ 
by  the  number  of  seconds  in  a  year  (31558149).     This  gives 

^3  = -000000199099  /03  17 

This  value  varies  slightly  with  varying  orbital  eccentricity,  but  the 
greatest  secular  range  of  variation  is  less  than  J  of  one  per  cent. 

Circular  orbital  velocity  varying  inversely  as  the  square  root  of  the 
radius  vector,  we  find  (2)  and  (17) 

*  Proc.  Amer.  Phil.  80c.,  xii,  304.     f  P.  Mag.,  iii,  453;  iv,  209. 


352  Pkotodynamic  Virials  in  the  Solar  System,    [jour.  Frank.  Inst , 

[rj  =  -00000291562  f>^  =  -000625255  r„  18 

g^  =  -0000003909445  r^  19 
Struve's  constant  of  aberration  gives,  by  (3)  and  (19) 

V    =  gjt^  =  214-45  r„  ^  497-827  =  -430772  r,  20 

t,  =  1101876  sec.  =  12-753  days  21 

This  gives  for  a  double  oscillation,  or  complete  rotation  of  sun, 
25*506  days.  Laplace's  estimate  was  25-5  days.  The  motion  of  sun- 
spots  near  the  equator  is  accelerated,  by  centrifugal  force,  tendencies 
to  orbital  velocity,  "repulsion,"  or  some  other  unknown  influence. 
Sporer's  formula  gives  24-62  days  for  the  equatorial  period. 
From  (4),  (18)  and  (20)  we  find 

fj    =  688-954  r„  =  3-21 2654 />3  22 

From  (5)  /  =  36-366  r,  23 

From  (6)  (>    -^  ti  =  219-301  r,  24 

From  (7)  [I]  =  151088-1  r,  =704-538  p^  25 

From  (8)  M  =  474657-3  r„  =  2213-37  f}^  26 

From  (14)  and  (22)  we  find  the  following  regular  series  of  approxi- 
mations to  planetary  loci.  The  subscripts,  1,  2,  3,  denote,  respectively, 
secular  perihelion,  mean,  and  secular  aphelion. 

l-S-"  p  =  -3060  />3  Mercury^  =  -2974  ^3  27 

1-8-3  (}  =  -5509  />3  Venusi  =  "6722  p^  28 

1-8-==  p  =  -9916  />3  Earthy  =  1-0000  p,  29 

1-8-^  p  =  1-7848  p,  Mars3  =  1-7365  p^  30 

l-S"    p  =  .3-2127  ^^3  Asteroid  108  =  3-2120  p,  31 

A 

l-S^    p    =    5-7828  Ps  Jupiterg  =    5-5193  p^  32 

VS^    p    =  10-4090  p,  Saturn3  '  =  10-3433  p^  33 

1-83    p    =  18-7362  p^  Uranusa  =  19-1836  p^  34 

1-8*    p    =  33-7252  p,  Neptune3  =  30-4696  ^03  35 

Oeom'lMean=    3-2127^^3  Geom'l  Mean  =    3-2200 />3  36 
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All  of  these  approximations  represent  loci  of  belt-condensation, 
for  the  respective  planets,  which  are  in  accordance  with  the  nebular 
hypothesis.  The  geometrical  means  differ  by  less  than  ^  of  one  per  cent. 
The  photodynamic  mean  represents  the  semiaxis  major  of  Asteroid 
108;  the  planetary  mean,  the  semiaxis  major  of  Asteroid  122.  The 
second  photodynamic  locus  (.5509  p^)  is,  within  less  than  one  per  cent., 
the  arithmetical  mean  between  the  semiaxes  major  of  Mercury  and 
Venus  (•5552). 

From(9),  (10),  (11),  (12),  (13),  and  (22)  we  get  the  following  ap- 
proximations : 


/J  =  4*8190  jOj     Jupiterj 

p  =  9-6380  ;03     Saturn2 

p  =  8-0318  ,03  -4  Uranusj 

p  =  5-3545  p^     Jupiterj 

Ar.  Mean  =  6.8537  p^     Ar.  Mean 
Ge.  Mean  =  6-6325  p^     Ge.  Mean  =  6-6421  p^  43 

It  will  be  seen  from  (40)  that  the  second  locus  of  spherical  rotary 
projection  from  p  ,  (2-5  X  2-5  p    =  20-0795  p^),  is  within  the  secular 

orbital  range  of  Uranus.  The  cardinal  centre  (37)  is  the  centre  of 
gravity,  at  conjunction,  of  Saturn^  and  Jupiterj.  It  represents,  there- 
fore, the  locus  of  mean  rotary  momentum  for  their  combined  masses, 
at  the  time  of  Jupiter's  incipient  rupturing  subsidence,  according  to 
Herschel's  modification  of  the  nebular  hypothesis.  It  also  represents 
important  relations  to  the  following  additional  virial  loci. 


=  6.4451  03 

37 

=  4-8863^3 

38 

=  9-5389,03 

39 

=  8.2717^.3 

40 

=  5.2028  p. 

41 

=  6-8690,03 

42 

'\  = 

I 'Imp-  -^  I'm                   =  9-2443  ^3 

44 

l\  = 

Imp  -i-  I'm                   =  7-5228  p^ 

45 

^  = 

J  (Saturn.,  +  Jupiter3)  =  7-5291  p^ 

46 

f'.= 

\  (6-4451  +  8-2717)     =  7-3584  p. 

47 

f\  = 

I  Neptune  2                    =  7*5084  p^ 

48 

Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  23 
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The  locus  of  mean  planetary  nebular  inertia  (44)  is  in  Saturn's  orbit, 
where  the  rings,  tlie  satellite  .system  and  the  specific  gravity  bear  wit- 
ness to  the  results  of  nebular  condensation.  The  locus  of  mean  plane- 
tary nebular  momentum  (45)  approximates  closely  to  the  arithmetical 
mean  between  Saturn2  and  Jupiterj  (46),  to  the  arithmetical  mean 
between  the  cardinal  centre  and  the  incipient  virial  locus  of  spherical 
rotation  for  Uranus  (47),  and  to  the  virial  locus  for  the  mean  linear 
momentum  of  jS"eptune's  semiaxis  major  (48). 

The  virial  radius  of  mean  momentum  not  only  determines  the  centre 
of  gravity  of  the  two  chief  planetary  masses  (9),  (37),  but  it  also  deter- 
mines the  relative  masses  of  Sun  (i\)  and  Jupiter  (m^)  at  initial  nebular 
rupture  (secular  perihelion).     We  find,  accordingly, 

Stockwell's  estimate  of  Jupiter's  secular  eccentricity  is  .0608274. 
This  gives  p,,^  =  -9391726  X  5-202798  X  214-45  =  1047-872  r„. 
Therefore,  (49) 

m^  =  1047-872  m,  50 

Be.ssel's  estimate  is  1047-879.  This  harmony  is  the  more  significant 
becau.se  Jupiter's  nebular  locus  of  incipient  rupture  (4-8863)  is  central 
between  the  loci  of  incipient  subsidence  of  Uranus  (20-6792)  and 
Neptune  (30-469'6)  at  opposition, 

fan  =  2  {f'7,3  —  rers)  51 

While  Jupiter  thus  traverses  the  primitive  nebular  centre,  Earth 
traverses  the  centre  of  the  belt  of  greatest  condensation. 

2  if VI  n    fU^s)  =/^3  52 

Stockwell's  estimates  for  the  secular  limits  of  the  dense  belt  (Mercuryj 
and  Marsg)  are,  ,o„j  =  -2974;  ff^,^  =  1-7365.  This  gives  for  (52) 
1.0169  fj.,. 

While  the  rotation  of  the  chief  nucleal  centre  (Sun)  is  determined  by 
the  velocity  of  light  (3),  the  rotations  of  the  secondary  centres  of  nebu- 
losity (Jupiter)  and  condensation  (Earth)  are  determined,  respectively, 
by  circular  orbital  velocities  at  Sun's  surface  [i;J  and  at  the  mean  centre 
of  gravity  of  Sun  and  Jupiter  [yj. 


95^5  =  M  =  Vg^r^  53 


93k  =  \jQ  =  ^  9J^  54 

The  data   for  the  solution  of  (54)  have  been  more  accurately  and 
satisfactorily  determined  than  for  (53). 
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^  ,         32-088     ^   86164-08        opi.qoi      -i 

r/,L  =  X  ■ ==  liil'HZl  miles.  oo 

5280  2 

Circular  orbital  velocity  varying  iuver.sely  as  y  r,  we  find  (49),  (50), 
<54),  (55) 


ff^t.  =  [t'J  =^3^3  ^  V  .9391726  =  270-167  miles.         56 


[U3]  =  [rj  ^  1/214-45  =  18-449  milas.  57 

p^  =  31,558,149  [1-3]  ^  2  TT  =  92,662,000  miles.  58 

r,  =  fj^  -H  214-45  =  432,090  miles.  59 

At  Earth's  surface,  Vgr=  4-9073.     It  varies  as    |^.  Therefore, 


4 


r 


<57)  m„  .    m^ 


18-449-  :  4-9073^  60 

Pi       n 
7n„  :  m^  :  :  330482  :  1  61 

All  of , the  results  which  have  been  drawn  from  (3),  (53),  and  (54) 
involve  the  principle  of  persistency  of  vibrations,  by  which  waves 
tend  to  propagate  themselves  indefinitely,  with  the  velocity  which  is 
due  to  their  locus  of  origination. 

The  influence  of  Jupiter's  locus  of  incipient  subsidence  on  the  com- 
parative masses  of  Jupiter  and  Saturn,  finds  some  analogy  in  the  two 
chief  planets  of  the  dense  belt.  Earth  and  Venus. 

"V^2>3  =  'f^zlh  62 

Substituting  Stockwell's  estimate  of  the  secular  aphelion  of  Venus 
K3  =  -7744234  fj,)  in  (61)  (62), 

m„  =  426750  m^  63 

Hill's  estimate  is  427240,  which  differs  from  (63)  by  less  than  \  of 
one  per  cent. 

The  general  equation  of  fundamental  velocity  (15)  rests  on  Laplace's 
principle  of  periodicity,  "  that  the  stiite  of  a  system  of  bodies  becomes 
periodic  when  the  effort  of  primitive  conditions  of  movement  has  dis- 
appeared \)y  the  action  of  resistances."     Hence  (3)  (20), 

\  =  S  ♦^-^ 

The  investigations  of  Weber,  Kohlrausch,  Thomson,  Maxwell, 
Ayrton,  and  Perry  have  shown  that 

'•.  =  ''  65 
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In  Coulomb's  formula  of  torsional  elasticity,  if  we  substitute  —  for 

/,   ge  =  31  (26)  and 

gt  =  V^  =  V,  66 

In  throwing  a  ball  into  the  air,  the  thermal  equivalent  of  the  pro- 
jectile force  is  equivalent  to  the  product  of  the  mass  by  the  sum  of  the 
retarding  resistances.  In  solar  superficial  radiation,  the  gravitating 
reaction,  as  we  have  seen  (64),  is  exhausted  in  a  half  rotation.  The 
corresponding  projectile  velocity  may  be  regarded  as  representing,  at 
pleasure,  heat,  work  or  rotation,  giving 

V    =  Vfy  =  V  „  =  u  67 

Combining  (64),  (66),  (66),  (67),  we  find  a  practical  confirmation 
of  (15). 

A  NOTE  UPON  THE  WORKING  OF  SULPHURIC  ACID 

CHAMBERS. 

By  Henry  Pemberton,  Jr. 

[A  paper  read  before  the  Chemical  Section  of  the  Franklin  Institute,  March  13, 1883.] 

During  several  years  subsequent  to  the  panic  of  1873  a  set  of  acid 
chambers,  the  property  of  a  company  of  this  city,  was  worked  under 
my  supervision.  Owing  to  the  depressed  state  of  trade  and  conse- 
quent stock  of  goods  on  hand,  the  chambers  were  often  run  below 
their  full  capacity.  They  were  run  without  a  Gay  Lussac  absorbing 
tower,  and  burned  best  uumixed  seconds  brimstone,  4,000  pounds 
being  the  normal  charge  in  24  hours.  Good  results,  approaching  very 
nearly  to  the  theoretical  figures  were  obtained  from  such  a  charge- 
when  10  per  cent,  nitre  was  used.  Burning  3,600  pounds  per  day,  9 
per  cent,  nitre  was  required,  and  with  3,000  pounds,  8  per  cent.  As 
the  cubic  capacity  of  the  set  was  107,200  cubic  feet,  the  following  rep- 
resents the  pounds  sulphur,  per  cent,  nitre,  and  cubic  feet  per  pound 
sulphur. 

Pounds  sulpliur.  Per  cent,  nitre.  Cubic  ft.  per  pound  sulphur. 

4,000  10  =  26.8 

3,600  9  =  29.8 

3,000  8  =  35.7 

Several  years  after  this  the  capacity  was  nearly  doubled  by  the  ad- 
dition of  two  more  chambers,  the  whole  being  run  in  one  set,  with  a 
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Gay  Lussac  and  Glover — still  burning  brimstone.  The  total  number 
of  cubic  feet  was  now  202,600,  the  towers  and  connecting  pipes  not 
being  included.  Sulphur  charged  was  about  10,500  pounds  a  day, 
per  cent,  nitre  from  3  to  Z^. 

The  following  gives  the  totals  of  four  weeks  running  (28  days), 
being  a  fair  illustration  of  the  workings  of  the  chambers  when  in  good 
condition : 

Total  sulphur  burned 295,265  pounds. 

"      nitre  potted 10,005      " 

No.  of  blowups  of  nitrous  acid  run  through 

the  Glover 325      " 

Dividing  these  figures  by  28,  we  get  as  the  daily  average  : 

Sulphur  burned 10,545  pounds. 

Nitre  potted 357        " 

Blowups  of  nitrous  vitriol  through  the  Glover  11*61  " 

The  test  of  this  nitrous  vitriol  was  made  with  permanganate,  using 
5  cc.  of  solution,  containing  15*8  grams  KMuO^  per  litre,  (=  ^ 
normal.) 

The  nitrous  vitriol  was  run  into  this  from  a  graduated  pipette,  the 
volume  required  varying  from  1*2  cc.  to  1.5  cc.  Adding  up  the  total 
tests  made  in  the  above  28  days,  I  find  that  as  a  daily  average  1*352  cc. 
nitrous  vitriol  exactly  decolorized  the  5  cc.  of  permanganate.  It  results 
from  this  that  100  pounds  nitrous  vitriol  contains  NjOg,  equivalent  to 
4*62  pounds  of  chemically  pure  nitrate  of  soda.  11*61  blowups  of 
this  went  daily  through  the  Glover,  each  blowup  delivering  2,334 
pounds  1*7  specific  gravity  acid.  Hence,  total  nitrous  vitriol  =  27,097 
pounds  at  4*62  per  cent.  =  1,252  pounds  pure  Xa  NO3  =  1,291  com- 
mercial 97  percent,  nitrate.* 

Hence  the  chambers  were  charged  with  nitre  as  follows : 

From  Glover 1,291  pounds. 

"     nitre  pots 357       " 

Total 1,648 

This  1,648  pounds,  nitre  =  15.62  per  cent,  of  the  weight  of  the 
sulphur  (10,545),  and  the  chamber  capacity  (202,600  cubic  feet)  = 
19.2  cubic  feet  per  pound  sulphur. 

*Tlie  acid  after  it  had  passed  through  the  Glover  was  tested  to  see  if  it 
had  any  action  on  the  KMnO,,  with  practically  negative  results,  {jroving 
that  the  acid  had  been  completely  denitrated,  and  was  free  from  foreign  re- 
ducing substances. 
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Combining  this  with  results  from  old  set  of  chambers,  we  have : 

Sulphur  burned.  Per  cent,  nitre.  Cubic  ft.  per  pound  sulphur. 

4,000  10  26.8 

3,600  9  29.8 

3,000  8  35.7 

10,545  15.62  19.2 

The  above  shows  the  proportion  of  the  two  variables ;  nitre  and 
cubic  feet  per  pound  sulphur,  under  widely  different  circumstances. 
For  the  nitre  varied  from  8  to  over  15|  per  cent.,  and  the  cubic  feet 
from  35*7  to  19*2,  the  increase  of  one  being  proportionate  to  the 
decrease  of  the  other. 

This  being  the  case  the  product  obtained  by  multiplying  the  two 
together  should  be  nearly  a  constant  quantity,  as  follows : 

10  X  26-8  =  268 

9  X  29-8  =  268 

8  X  35-7  =  285 

15-62  X  19-2  =  300 

Mean.  =  280 

To  give  an  illustration  of  the  meaning  of  figure  280 :  a  chamber 
with  280  cubic  feet  capacity  per  pound  sulphur  would  require  1  per 
cent,  nitre,  one  with  140  cubic  feet  would  require  2  per  cent.,  with  28 
cubic  feet  10  per  cent.,  with  \  4  cubic  feet  20  per  cent.,  and  so  on. 

It  is  not  to  be  expected  that  any  formula  based  upon  such  change- 
able data  as  are  furnished  by  the  gases  of  an  acid  chamber,  will  give 
absolutely  unvarying  results.  Changes  of  the  seasons  of  the  baro- 
meter, of  temperature,  of  the  direction  of  the  wind,  of  the  steam  pres- 
sure, and  from  a  hundred  local  sources  cause  the  result  to  vary  within 
certain  limits.  Although  the  figures  given  above  are  derived  only 
from-  this  one  particular  set  of  chambers,  and  although  it  would  be 
very  interesting  to  have  corroborative  proof  from  other  experiences,, 
nevertheless  it  must  be  remetnbered  that  the  above  trials  extended  over 
a  number  of  years,  and  were  made  under  very  widely  different  circum- 
stances. They  were  made  when  the  capacity  was  only  about  100,000 
cubic  feet,  and  again  when  it  was  double  this  ;  when  the  chambers 
were  running  witliout  towers,  and  later  when  both  Gay  Lussac  and 
Glover  were  present.  Therefore,  since  in  all  these  cases  the  resulting 
figures  were  closely  accordant,  they  may  be  accepted  by  any  manu- 
facturer as  a  check  upon  the  working  of  his  chambers. 

The  chamber  capacity  in  cubic  feet,  multiplied  by  the  per  cent,  nitre 
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used,  and  divided  by  the  number  of  pounds  of  sulphur  burned  daily 
should  give  a  result  not  far  from  280,  and  all  the  better  if  it  approaches 
to  .300.  If  the  result  falls  considerably  below  the  former  figure,  it  is 
a  pretty  safe  indication  towards  a  low  yield  in  acid,  and  a  consequent 
loss  in  dollars  and  cents. 


THE  GEOLOGY  OF  PHILADELPHIA. 


By  Professok  H.  Carvill  Lewis. 

[A  lecture  delivered  before  the  Franklin  Institute,  January  12,  1882.] 


The  formations  upon  which  the  city  of  Philadelphia  is  built  may  be 
divided  into  two  great  classes — the  superficial  formations  and  the 
underlying  rock  strata.  The  former  of  these,  much  the  most  recent 
of  the  two,  arc  for  the  most  part  closely  connected  with  the  "  Great  Ice 
Age  "  which  formed  the  subject  of  the  lecture  given  one  week  ago.  A 
description  was  then  given  of  the  ice-covered  area  of  Pennsylvania, 
and  of  the  numerous  phenomena  of  glacial  action  which  pertain  to  that 
region.  The  extent  and  the  causes  of  glaciation  were  discussed,  and 
an  attempt  made  to  arrive  at  some  idea  of  its  age.  The  great  glacier 
which  covered  the  whole  northeastern  portion  of  our  continent,  and 
which,  as  a  great  sea  of  ice,  flowed  in  a  continuous  stream  across  Lab- 
rador, the  Laurentian  highlands  of  Canada,  the  Adirondacks,  the  Cats- 
kills  and  the  Alleghanies,  was  proved  to  have  finally  stopped  within 
sixty  miles  of  our  city.  At  the  extreme  edge  of  the  glacier  it  heaped 
up  a  terminal  moraine,  composed  of  rock  fragments  brought  from  more 
northern  regions,  which  moraine  was  shown  to  stretch  in  a  contiiuious 
line  completely  across  our  State. 

Dirwting  our  attention  now  to  the  rivers  whicii  cut  through  the 
moraine,  it  will  immediately  be  evident  that,  at  the  time  of  the  melt- 
ing and  retreat  of  the  great  glacier,  these  rivers  nuist  have  been 
swollen  to  great  dimensions  by  the  floods  which  then  rushed  down 
them.  They  coastituted  the  drainage  courses  for  the  Matei's  of  the 
melting  glacier.  Our  spring  freshets  are  nothing  in  comparison  to  the 
mighty  torrents  into  which  these  rivers  must  have  then  been  converted. 
These  torrents  brought  down  immense  masses  of  loose  material  made 
by  the  glacier,  while  at  the  same  time  they  tore  uj)  and  carrietl  down 
stream  loose  rocks  all  along  their  beds.  When  at  last  the  flood  sub- 
sided there  remained  as  witnesses  of  its  extent  the  clays,  the  gravel  and 
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the  cobblestones  which  we  are  about  to  study  in  detail.  Among  the 
rivers  which  brought  down  these  deposits  were  the  Delaware,  the  East 
branch  of  the  Susquehanna  and  the  Alleghany. 

On  the  other  hand,  as  may  be  seen  by  reference  to  the  map  of  the 
moraine,  the  Schuylkill  and  the  west  branch  of  the  Susquehanna  did 
not  issue  from  glaciers,  their  source  being  south  of  the  moraine.  It 
is  now  evident,  therefore,  why  there  are  no  drift  deposits  in  the  valleys 
of  the  last-named  rivers,  while  on  the  other  hand  such  deposits  are  of 
great  extent  in  the  river  valleys  first  named. 

A  small  portion  of  the  superficial  deposits  of  that  part  of  the  Dela- 
ware which  lies  between  Trenton  and  the  sea  is  due  to  marine  or  estu- 
arine  action,  being  more  ancient  than  the  deposits  of  glacial  times. 

In  entering  upon  an  examination  of  the  geological  formations  of  any 
place,  the  first  step  is  the  construction  of  a  geological  map.  This  we 
may  proceed  to  do  in  our  city  as  follows : 

THE    UPLAND   TERRACE. 

1.  A  traveler  going  from  the  city  upon  the  Germantown  Railroad 
will  notice  in  the  cuttings  for  new  streets  between  Tenth  and  Broad 
streets,  and  in  the  railroad  cut  at  New  York  Junction,  numerous  expo- 
sures of  red  or  yellow  gravel,  often  overlaid  by  clay.  The  brickyards 
in  the  vicinity  of  Nicetown  expose  large  beds  of  brick-clay,  containing 
occasional  well-rounded  boulders  and  pebbles.  The  land  so  far  has 
been  comparatively  level,  and  no  rocks  have  been  seen.  Just  before 
reaching  Wayne  Junction,  rocks  rise  upon  both  sides  of  the  road,  the 
clay  and  gravel  disappear,  and  a  rolling  wooded  countr}^  is  entered. 
A  thin  covering  of  light  micaceous  soil,  containing  no  pebbles  or  boul- 
ders, covers  the  gneissic  rocks  from  here  to  Chestnut  Hill.  There  is  a 
great  contrast  between  the  two  regions. 

2.  On  the  Pennsylvania  Railroad  it  will  be  noticed  that,  soon  after 
leaving  the  depot,  gravel  covers  the  rocks  along  the  Schuylkill,  and  as 
the  railroad  turns  back  from  the  river,  a  plateau  of  clay  follows.  The 
Centennial  grounds  lie  upon  this  clay,  and  boulders  are  frequent, 
a  good  section  being  exposed  near  the  bridge  at  Belmont  avenue. 
Upon  reaching  Fifty-seventh  street,  opposite  Belmont  and  George's 
Hill,  the  hill  is  entered  by  a  cut,  the  rocks  come  to  the  surface, 
and  the  drift  is  no  more  seen. 

3.  Again,  on  the  North  Pennsylvania  Railroad  gravels  first  appear. 
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then,  on  higher  ground,  clay,  and    soon    after   passing   Green  Lane 
Station,  the  rocky  uplands,  free  from  drift. 

4.  So,  too,  on  the  West  Chester  Railroad,  gravels  and  clays  cover 
the  ground  up  to  the  base  of  the  hill  on  which  Swarthmore  College 
stands. 

5.  On  the  other  hand,  the  Xew  York  division  of  the  Pennsylva- 
nia Railroad  and  the  Philadelphia,  Wilmington  and  Baltimore  Rail- 
road, which  run  parallel  with  the  Delaware  river,  do  not  rise  out  of 
the  region  of  drift. 

Now,  connecting  by  a  line  the  four  points  mentioned,  it  will  be 
found  to  represent  a  long  straight  hill,  200  feet  or  more  in  height, 
having  a  northeast  and  southwest  trend,  parallel  to  the  river,  and 
lying  at  a  mean  distance  from  it  of  about  four  miles.  The  speaker 
has  traced  it,  through  Bucks,  Philadelphia  and  Delaware  counties, 
into  the  State  of  Delaware,  and  finds  that  it  uniformly  defines  the 
western  boundary  of  the  drift.  This  hill  is  easily  recognized,  where 
uncrossed  by  cre(iks,  being  remarkably  straight  and  of  uniform  height. 
It  forms  the  limit  of  tide-water,  and  is  recognized  where  it  crosses 
streams  by  the  occurrence  of  rapids  or  falls.  Being  the  first  hill  of 
importance  west  of  the  Delaware,  it  often  commands  a  fine  view,  and 
is  a  favorite  site  for  residences.  The  geographical  jwsition  of  this 
ancient  terrace  may  be  more  exactly  defined  in  the  vicinity  of  Phila- 
delphia as  the  hill  which  crosses  Second  street  pike  near  Foxchase, 
and,  crossing  Tacony  creek  farther  south,  runs  nearly  parallel  with  it 
as  far  as  Crescentville;  which  croascs  Green  lane  and  New  Second 
street  road  near  the  j)lace  of  Mr.  J.  L.  Fisher ;  crosses  the  North 
Pennsylvania  Railroad  above  Olney  road,  and  the  York  road  below 
the  Jewish  Hospital ;  which  crosses  Gcrmantown  avenue  at  the  rail- 
road bridge  (being  here  called  Negley's  Hill),  and  running  along  the 
railroad  to  beyond  Wayne  Station,  passes  back  of  the  Gcrmantown 
Cricket  Ground,  past  Old  Oaks  Cemetery,  to  Falls  of  Schuylkill. 
Thence,  passing  Chamouni,  Belmont  and  George's  Hill,  it  crosses  the 
Pennsylvania  Railroad  near  Hestonville,  and  Haverford  road  at  Had- 
dington ;  passes  back  of  the  Burd  Orphan  Asylum  into  Delaware 
county,  and  runs  north  of  Kelleyville,  Clifton  and  Morton  to  Swarth- 
more College,  and  thence,  past  Village  Green,  into  Delaware. 

North  of  Philadelphia,  this  hill  may  be  followed  through  Bucks 
county,  past  Somerton,  to  the  Neshaminy  creek,  when  it  crosses  the 
Bound  Brook  Railroad,  and  then  bends  back  to  form  the  hill  l)a('k  of 
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Yardlevville,  This  hill,  which  is  approximately  parallel  not  only  to 
the  river,  but  also  to  the  shore  of  the  Atlantic  Ocean  and  to  the  line  of 
strike  of  the  Cretaceous  formations  of  New  Jersey,  forms,  as  we  have 
seen,  the  main  dividing  line  between  the  ancient  and  the  modern  for- 
mations. 

The  speaker  has  called  it  for  convenience  the  Upland  Terrace.  The 
strike  of  the  gneiss  forming  it  corresponds  closely  with  the  trend  of 
the  terrace  itself.  A  boulder-bearing  clay  rests  upon  its  southeastern 
slope,  at  a  uniform  elevation  of  150 — 180  feet  above  mean  ocean  level. 
AVhile  it  is  true  that,  as  will  appear  hereafter,  there  are  patches  of  an 
ancient  gravel  on  high  points  back  of  it,  the  Upland  Terrace  never- 
theless remains  as  the  most  important  geological  feature  in  southeastern 
Pennsylvania. 

Between  the  Upland  Terrace  and  the  Delaware,  clays  and  gi'avels 
cover  the  rocks  in  a  continuous  sheet  except  where  eroded  away  in  the 
neighborhood  of  streams.  The  amount  of  their  erosion  is  in  some 
respects  a  measure  of  the  age  of  the  surface  formations.  These  forma- 
tions in  the  vicinity  of  Philadelphia  have  undergone  very  different 
amounts  of  erosion,  the  amount  of  such  erosion  increasing  as  we  recede 
from  the  Delaware ;  and  this  fact  offers  evidence  that  the  deposits  are 
of  (1  liferent  ages;  those  lying  farthest  from  the  river  and  highest  in 
elevation  being  the  most  ancient,  and  those  which  are  close  to  the 
river,  which  have  undergone  but  little  erosion,  being  the  most  modern 
of  our  surface  formations.  Examples  of  erosion  of  the  Philadelphia 
gravel  may  be  well  seen  on  the  Philadelphia  and  West  Chester  Rail- 
road, which  crosses  a  number  of  creeks  and  runs  nearly  parallel  to  the 
terrace  for  several  miles.  As  each  creek  is  approached  the  drift  dis- 
appears and  rocks  come  to  the  surface.  So,  on  the  Schuylkill,  no 
gravel  is  seen  on  the  river  drive  in  the  East  Park,  but,  upon  going 
back  from  the  river  and  rising  100  feet  above  it,  as  far  as  the  East 
Park  Reservoir,  gravel  appears  abundantly.  Yet,  on  the  same  river, 
nearer  the  Delaware,  a  newer  gravel,  made  of  different  materials,  not 
only  forms  its  banks  but  underlies  it. 

RECENT    ALLUVIUM. 

The  most  recent  of  all  the  surface  deposits  is  the  stiff  bluish  clay 

which  covers  the  low  ground  in  the  southern  part  of  the  city.     The 

Richmond  meadows  and  the  flats  of  Moyamensing,  Greenwich  and 

Tinicuiu  are  covered  by  this  deposit.      It  is  bounded  by  a  low  ter- 

f 
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race,  which  is  from  10  to  15  feet  above  tide.  This  terrace,  up  to  whicli 
the  river  often  comes  in  times  of  flood,  crosses  South  Broad  street 
diagonally  below  Moyamensing  avenue,  and,  crossing  the  Delaware 
extension  of  the  Pennsylvania  Railroad,  near  Penrose  Ferry  road, 
winds  around  Point  Breeze  Park  back  towards  the  Gas  Works,  and, 
passing  below  Suffolk  Park,  crosses  into  Delaware  county.  Some- 
times, as  in  Tinicum,  certain  islands  of  older  gravel,  rise  out  of  the 
mud-flats.  The  blue  clay  of  this  formation  is  too  stiff  to  be  useful 
for  brickmaking.  Blackened  fragments  of  twigs,  roots  and  leaves  are 
frequent  in  it,  and  it  is  said  that  trunks  of  the  white  cedar  abound 
in  it  in  some  places.  There  is  here  an  indication  that  these  beds 
are  sinking  and  that,  as  on  the  Atlantic  coast,  the  water  is  encroach- 
ing. Frequently  a  good  peat  covers  the  clay.  Artesian  well  records 
show  that  this  blue  mud  at  Frankford  is  24  feet  deep.  Generally 
it  is  much  shallower,  and  is  underlaid  by  a  sand,  the  formation  next 
older. 

THE    TRENTON    GRAVEE. 

A  light  sand  and  gravel,  free  from  clay,  underlies  the  blue  clay  just 
mentioned,  and  extends  considerably  farther  back  from  the  river.  It 
is  composed  principally  of  a  sharp  micaceous  sand,  which,  when  below' 
water-level,  becomes  a  "  (juicksand."  Gravel  lies  below  the  sand. 
Unlike  all  the  other  gravels,  it  contains  but  few  pebbles  of  white 
quartz,  and  is  of  a  dark  gray  color.  Its  pebbles  are  made  exclusively 
of  the  rocks  forming  the  upper  valley  of  the  river.  Their  shape  is 
also  very  characteristic.  The  pebbles  of  the  older  gravels  are  oval 
or  egg-shaped,  but  these  are  for  the  most  part  flat.  This  flat  shape 
is  characteristic  of  all  true  river  gravels.  At  several  places  along 
the  Delaware,  gold  has  been  obtained  from  this  gravel.  The  absence 
of  clay  in  any  of  its  layers  indicates  the  action  of  swiftly  running^ 
water.  Data  obtiiincd  from  artesian  wells  have  shown  that  this  for- 
mation has  a  depth  on  Delaware  avenue  of  about  50  f^iet,  and  that 
it  extends  up  to  about  Third  and  Market  streets.  On  Smith's  Island 
and  on  the  bar  in  the  river  opposite  Gooper's  Point  it  is  100  feet 
deep,  lying  upon  rock.  It  therefore  underlies  the  river,  filling  up 
its  ancient  channel.  On  Richmond  street  some  very  large  boulders 
are  seen  lying  ui)on  the  sand.  Bridcsburg  and  the  I^azaretto  are  built 
upon  it,  the  latter  formerly  an  island  surronndwl  by  bog  clay.  The 
sand  is  used  for  building  purposes.  It  is  bounded  by  a  terrace,  which 
rises  some  25  feet   above   mean   tide,  and  i^  r.ij)p('(l   bv  the  red  gi'avcl 
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and  brick  clay  about  to  be  described,  while  rocks  are  frequently 
exposed  at  its  base.  The  Chester  branch  of  the  Reading  Railroad  lies 
below  this  terrace,  and  the  present  line  of  the  Philadelphia,  Wilming- 
ton and  Baltimore  Railroad  is  above  it.  This  sandy  river  gravel  forms 
islands  in  the  blue  mud.  It  forms  a  level  plain,  and  lies  in  a  channel- 
cut,  the  older  formations  to  rock.  It  evidently  formed  the  ancient 
river  bed; 

This  last  and  newest  of  all  the  gravels  is  one  which  at  Philadelphia 
seems  to  be  of  little  importance.  It  lies  close  along  the  river,  and, 
rising  a  few  feet  above  it,  extends  but  a  short  distance  back  from  the 
river  bank.  Yet,  from  its  great  development  farther  up  the  river,  and 
more  especially  from  the  fact  that  in  this  formation,  and  in  this  for- 
mation only,  have  traces  of  ancient  man  been  discovered,  it  acquires 
great  interest,  and  we  are  tempted  to  inquire  more  fully  into  its 
boundaries,  its  age  and  its  origin. 

On  tracing  this  gravel  up  the  river,  it  is  found  that,  from 
Philadelphia  to  the  Neshaminy  Creek,  its  boundary  is  generally 
between  the  line  of  the  Pennsylvania  Railroad  and  the  Delaware. 
Prom  this  point  the  bounding  terrace  trends  directly  towards  Morris- 
ville  and  away  from  the  present  river.  Thus,  at  Bristol,  the  gravel 
and  its  overlying  sand  extends  two  miles  back  fi'om  the  river,  and  is 
bounded  by  a  well-marked  hill,  upon  w^iich  lie  older  gravels  and 
■brick-clays.  These  and  the  Tertiary  gravels  extend  nearly  seven 
miles  inland.  At  Tullytown  our  formation  extends  two  and  a-half 
miles  back,  and  at  the  canal  shows  the  following  succession  of  strata  : 
(1)  sandy  loam,  1  foot ;  (2)  fine  gray  "  moulding-sand,"  2|  feet ;  (3) 
shaq)  "  bar-sand,"  1  foot ;  (4)  clean  gray  river  gravel  of  unknown 
depth.  In  other  openings  near  here  the  gravel  is  so  full  of  boulders  that 
these  are  dug  in  large  quantities  and  sent  to  Philadelphia  for  "  cobble- 
stones." Xear  Wheatsheaf  Station,  close  to  the  railroad,  an  opening  which 
has  exposed  a  section  of  the  gravel  nearly  half  a  mile  in  length,  exhi- 
bits well  the  general  features  of  the  formation.  The  pebbles,  of  char- 
acteristic shape  and  color,  are  made  of  gray  Triassic  argillite,  slate, 
red  shale,  sandstone,  conglomerate,  and  various  other  rocks  found  far- 
ther up  the  valley,  while  large  and  often  sharp  boulders  of  red  shale 
and  other  materials  frequently  occur.  The  whole  formation  has  a  very 
fresh  appearance  when  compared  with  older  gravels.  Near  Turkey 
Hill  a  large  smooth  boulder,  five  feet  in  diameter,  lies  upon  the  .sand. 

Upon  reaching  Trenton,  we  find  an  immense  outspread  of  the  gravel, 
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and  numerous  fine  exposures  of  it,  both  on  the  river  bank  and  in  the 
long  cuts  made  by  the  Pennsylvania  Railroad.  The  formation  may 
therefore  be  designated  for  convenience  the  "  Trenton  Gravel" 

Trenton  is  in  a  position  where  naturally  the  largest  amount  of  a 
river  gravel  would  be  deijosited,  and  where  its  best  exposures  would 
be  exhibited.  It  is  at  the  point  where  a  long,  narrow  valley  with 
precipitous  banks  and  continuous  downward  slope,  opens  out  into  a 
wide  alluvial  plain  at  a  lower  level.  It  is  here  that  the  rocky  floor 
of  the  river  suddenly  descends  to  ocean  level  and  even  sinks  below  it, 
forming  the  limit  of  tidewater.  Thus  any  drift  material  which  the 
flooded  river  swept  down  in  its  channel  would  here,  upon  meeting  tide- 
water, be  in  great  part  deposited.  Large  boulders  which  had  been 
rolled  down  the  inclined  floor  of  the  upper  valley  would  here  stop  in 
their  course,  and  all  be  heaped  up  with  tlie  coai"ser  gravel  by  the  more 
slowly  flowing  water  except  such  few  as  cakes  of  floating  ice  could 
carry  ocean  ward.  On  the  other  hand  the  finer  gravel  and  sand  would 
be  deposited  farther  down  the  river. 

This  is  precisely  what  occurs  at  Trenton.  The  material,  which  at 
Philadelphia  is  generally  fine,  grows  coarser  as  the  river  is  ascended, 
until  at  Trenton  we  find  often  immense  boulders  imbedded  at  all  angles 
in  ine  gravel.  Moreover,  the  river  has  here  cut  entirely  through  the 
gravel  down  to  the  rock,  exposing  at  one  place  a  cliff  of  gravel  50  feet 
high.  At  Philadelphia,  on  the  other  hand,  as  we  have  seen,  the  river 
still  flows  on  the  top  of  the  gravel.  This  fact  may  also  be  accounted 
for.  Having  heaped  up  a  ma.ss  of  detritus  in  the  old  river  channel  as 
an  obstruction  at  the  mouth  of  the  gorge,  the  river,  so  soon  as  its 
volume  diminished,  would  immediately  begin  wearing  away  a  new 
channel  for  itself  down  to  ocean  level.  This  would  be  readily  accom- 
plished through  the  loose  material,  and  would  be  stoppal  only  when 
rock  was  reached.  On  the  other  hand,  that  gravel  which  had  been 
deposited  at  places  farther  down  the  river  where  its  l)ottom  was  below 
ocean  level,  would  remain  un-eroded  or  nearly  so.  When  the  river 
had  attained  the  level  of  the  ocean  there  would  be  no  occasion  to  cut  a 
deep  channel,  and  it  would  therefore  flow  on  top  of  the  gravel  which 
it  had  deposited. 

The  fact  of  the  river  having  cut  through  the  gravel  at  Trenton, 
while  at  Philadelphia  it  flows  u[)on  it,  is  due  to  the  configuration  of" 
the  rock  floor  of  the  river,  which  at  Trenton  rises  above  ocean  level^ 
and  at  Philadeipliia  lies  nearly  100  feet  below  it. 
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At  the  time  of  the  flood  which  deposited  the  Trentoii  gravel,  the 
lower  part  of  Philadelphia,  the  whole  of  Bristol  and  TuUytown,  and 
almost  all  of  Trenton  were  submerged.  That  the  climate  was  then 
cold  is  indicated  not  only  by  the  suggestion  that  there  were  then  prob- 
-ably  very  large  masses  of  boulder-bearing  ice  floating  in  the  river,  but 
also  by  the  fact  that,  as  stated  by  Dr.  C.  C.  Abbott,  bones  of  Arctic 
animals  (walrus,  reindeer,  mastodon),  often  rounded  by  attrition,  have 
been  found  in  this  gravel.  The  boulders  resting  upon  the  sand  over- 
lying the  gravel  suggests  the  grounding  of  large  ice-cakes  derived  from 
some  mass  of  ice  large  enough  to  be  called  a  glacier. 

It  is  difficult  to  imagine  an  origin  for  such  a  flood  as  we  have 
described  other  than  the  melting  of  a  glacier.  This  flood  was  not  an 
inroad  from  the  sea,  but  it  came  down  the  valley.  Terraces  of  the 
same  gravel  may  be  traced  above  Trenton  up  the  valley  of  the 
Delaware  into  the  glaciated  region  above  Belvidere.  At  Stroudsburg 
it  is  probably  the  same  gravel  which  forms  the  well-marked  terraces 
about  the  town,  and  there  is  every  proof  that  the  age  of  this  formation 
is  that  immediately  following  the  final  retreat  of  the  great  glacier. 

THE    PHILADELPHIA    BKICK    CLAY, 

The  built-up  portion  of  the  city  stands  upon  an  extensive  deposit  of 
brick  clay  and  gravel,  sections  of  which  are  exposed  in  every  cutting. 
The  brick  clay  invariably  overlies  the  gravel,  and  will  therefore  be 
first  described.  By  far  the  finest  exposures  of  brick  clay  are  those  on 
either  side  of  Long  lane,  in  the  "  Neck."  The  clay  here  is  very  com- 
pact, free  from  sand  and  gravel,  and  is  often  15  feet  or  more  in  depth. 
Loam  lies  above  it,  and  is  mixed  with  it  for  brick-making.  Well- 
rounded  boulders  of  Potsdam,  Medina,  Trias,  etc.,  are  frequent.  The 
whole  lies  upon  some  20  feet  of  stratified  gravel.  It  is  a  much  finer 
and  deeper  clay  than  that  of  the  northern  part  of  the  city,  as  at  Nice- 
town.  It  is  interesting  to  note  that  while  the  clay  which  is  farthest 
from  the  Upland  Terrace  and  lowest  in  elevation  is  purest  and  deepest, 
on  the  other  hand  that  near  the  terrace,  and  more  than  100  feet  above 
the  river,  is  both  shallow  and  sandy.  It  suggests  that  the  former  was 
deposited  in  deep  water  and  the  latter  near  the  shore.  At  the  base  of 
the  terrace  the  clay  is  but  two  or  three  feet  deep.  The  boulders  of  the 
Nicetowu  clay  are  similar  to  those  of  the  Neck  clay,  except  in  the  fact 
that  in  the  latter  there  are  numerous  rounded  and  sharp  fragments  of 
triassic  red  shale,  while  in  the  former  boulders  of  that  material  are 
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very  .scarce.  The  l)ouI(]ei*s  of  both  clays  are  invariably  derived  from 
a  northern  .source.  Xo  .shells  or  organic  remains  have  as  yet  been 
noticed  in  this  formation,  and  it  is  therefore  inferred  both  that  the 
water  was  fresh  and  that  it  had  a  temperature  too  low  to  support  life. 

In  the  collection  of  boulders  from  this  clay  made  by  Mr.  Eli  K. 
Price,  and  deposited  in  the  University  ground.s,  many  of  the  rocks 
which  occur  along  the  Delaware  from  Trenton  to  beyond  the  Water 
Gap  are  represented.  Some  of  them  are  derived  from  the  Terminal 
Moraine.  The  lecturer  has  been  able  to  trace  almost  all  of  them  to 
their  source.  He  has  also  traced  the  boundaries  of  this  boulder  bear- 
ing day  up  to  the  glaciated  region,  and  finds  that  it  uniformly  ri.ses  to 
a  fixed  limit  of  150  to  180  feet  above  the  river.  Where  the  valley  is 
Avide,  a.s  at  Philadelphia  and  Trenton,  the  clay  is  pure  and  fit  for 
brick-making,  but  in  narrow  and  steep  portions  of  the  valley  the 
current  has  been  too  swift  for  the  deposition  of  clay  and  it  is  repre- 
sented by  occasional,  stranded,  waterworn  boulders.  This  clay  rests 
again.st  the  upland  terrace  from  Trenton  to  Philadelphia,  at  an  eleva- 
tion of  150  feet.  On  the  Lehigh  river,  a  tributary  of  the  upper 
Delaware,  where  the  bed  of  the  river  is  more  than  200  feet  higher 
than  at  Philadelphia,  the  clay  ri.ses  180  feet  above  the  river.  That 
thi.s  was  an  epoch  of  submergence  is  indicated  in-  the  elevation  of  the 
deposit.  While  the  underlying  gravel  was  deposited  by  a  rushing 
flood,  it  was  not  until  quieter  conditions  had  prevailed  that  clay  could 
be  formed.  It  is  probable  that  this  clay  may  be  assigned  to  a  period 
when  the  land  stood  150  feet  or  more  below  its  present  level,  and  when 
the  cold  waters  from  the  melting  glacier  bore  ice  rafts  which  dropped 
their  boulders. 

These  boulders  are  often  of  large  size.  Thus  in  Philadelphia  there 
are  smooth  boulders  of  Silurian  rocks  between  4  and  5  feet  lono;,  at 
an  altitude  of  a  100  feet  above  the  river;  and  on  the  Lehigh  above 
the  Gaj),  we  have  found  a  boulder  six  feet  long,  elevated  150  feet  above 
the  river  at  that  place.  In  the  vicinity  of  Bethlehem,  thirty  miles 
below  the  Terminal  Moraine,  the  boulders  in  the  clay  sometimes  show 
•  glacial  stri;e.  It  hardly  admits  of  doubt  that  these  boulders  were 
borne  by  large  cakes  of  floating  ice  derived  from  the  base  of  the  melt- 
ing glacier.  Finally,  it  is  of  interest  to  find  that  the  clay  which 
cements  the  un.stratified  "  ^///,"  the  "ground  Moraine "  whi<;h  covci"s 
the  glaciated  region  to  the  north,  is  of  a  character  .so  similar  to  the 
Philadelphia   brick   clay,  that   there   is  a  strong   i)robal)ility  that  the 
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latter  was  derived,  in  great  part,  directly  from  the  grinding  base  of 
the  glacier.  The  Philadelphia  brick  clay  becomes  more  and  more 
stony  as  we  proceed  northward,  until  in  valleys  at  the  base  of  the  Ter- 
minal Moraine  of  the  glacier  its  stones  are  almost  as  numerous  as  those 
of  the  true  glacial  till.  Deposits  of  this  boulder-bearing  brick  clay 
have  more  than  once  been  confounded  with  glacial  moraines.  The 
latter,  however,  as  is  well  known,  may  be  distinguished  by  the  abun- 
dance of  angular  and  ice-scratched  boulders  and  by  the  absence  of 
stratification. 

THE    RED   GRAVEL. 

Beneath  the  clay,  and  often  unconformable  with  it,  is  the  Philadel- 
phia red  gravel.  It  is  a  clayey  gravel  which  packs  well  and  is  much 
used  on  roads,  and  whose  red  color  is  caused  by  the  ferruginous  clay  in 
which  the  pebbles  are  imbedded.  The  pebbles  are  composed  of  all 
kinds  of  rock  and  are  not  flattened  as  are  those  in  the  river  graveh 
The  predominant  material  is  white  quartz,  but  pebbles  of  all  other 
materials,  as  conglomerate,  sandstone,  fossiliferous  hornstone,  flint,  red 
shale,  etc.,  are  numerous.  Stratification  is  observed  in  almost  every 
section  exposed.  Good  sections  of  gravel  are  seen  near  the  University 
of  Pennsylvania.  It  has  here  an  elevation  of  about  50  feet,  and  comes 
to  the  surface  of  the  ground  with  but  a  very  slight  covering  of  clay. 

The  clay  almost  always  lies  in  the  form  of  crests  and  hollows  upon 
the  gravel.  Beautiful  examples  of  wave  motion  may  be  seen  at 
Twenty-eighth  Street  and  Columbia  Avenue,  at  Tenth  and  Tioga,  at 
Fifteenth  and  Clearfield  Streets,  in  Fairmount  Park,  at  the  Penna.  Rail- 
road cuttings  near  Belmont  Avenue,  and  in  many  other  places.  In 
each  of  these  we  have  apparently  the  action  of  a  rushing  flood  of  water 
upon  the  gravel.  Often  the  clay  lies  in  a  kind  of  pot-hole  in  the 
gravel,  and  a  concentric  structure  of  clay  and  pebbles  can  be  seen.  At 
Twenty-eighth  Street  and  Columbia  Avenue  six  well-marked  waves 
of  gravel  and  clay  may  be  seen,  the  clay  always  filling  the  hollows 
between  the  crests  of  gravel.  Along  the  line  of  contact  between  clay 
and  gravel  there  are  alternate  streaks  of  fine  and  coarse  gravel. 

A  very  beautiful  example  of  water  action  is  exposed  at  Fifteenth " 
and  Clearfield  Streets,  in  a  cut  about  one  hundred  feet  in  length. 

Another  point  to  be  noticed  in  the  section  near  the  University  is  the 
stratification  of  the  gravel,  and  its  division  into  layers  of  three  different 
colors, — red,  black  and  yellow.  It  is  instructive  to  note  that  this 
division  is  by  no  means  a  local  one,  but  exists  along  a  line  of  about 


~May,  1883.]  The  Geology  of  Philadelphia.  369 

equal  elevation  (60  to  80  feet  above  ocean  level),  in  widely  se})a rated 
parts  of  the  city.  AVhile  the  colors  are  of  coui*se  due  simply  to 
different  states  of  oxidation  of  the  iron,  the  fact  that  they  mark  con- 
tinuous deposits  through  long  distances,  indicates  a  uniformity  in  the 
condition  of  deposition  which  could  be  due  only  to  the  })resence  of  a 
large  bodv  of  water. 

The  gravel  rests,  not  upon  a  hard  floor  of  rock,  as  is  usual  with  the 
drift  in  more  northern  States,  but  upon  a  completely  decomposed 
gneiss.  This  is  universally  the  case  in  every  section  examined  in  the 
vicinity  of  Philadelphia. 

The  lower  part  of  the  gravel  often  consists  of  a  sharp,  stratified, 
micaceous  sand,  made  up  of  the  materials  of  the  decomposed  gneiss. 
Exposures  in  the  East  Park  and  along  the  line  of  the  North  Pennsyl- 
vania Railroad  illustrate  this  fact.  It  is  evident,  therefore,  that  the 
gneiss  was  decomposed  before  the  deposition  of  the  gravel,  and  that 
water,  not  ice,  was  the  agent  of  that  deposition.  The  idea  that  a 
glacier  once  overrode  the  site  of  Philadelphia  and  deposited  grav^elsand 
boulders  has  recently  been  urged  by  a  Philadelphia  geologist*  but  is 
not  sustained  by  the  observed  facts.  In  fact  there  is  no  trace  of  glacial 
action  in  Pennsylvania,  anywhere  south  of  the  terminal  moraine,  not- 
withstanding all  statements  to  the  contrary  hitherto  made  by  other 
geologists. 

The  red  gravel  was  deposited  by  a  flood  of  the  ancient  Delaware, 
at  a  time  when  it  flowed  at  a  level  over  100  feet  higher  than  at  present. 
It  is  closely  of  the  same  age  as  the  brick  clay,  both  having  been  forme<l 
during  or  at  the  close  of  the  glacial  epoch.  Many  facts  go  to  prove 
that  the  red  gravel  and  the  brick  clay  were  formed  at  the  time  when 
the  glacier  began  to  retreat  from  its  terminal  moraine,  the  ground  being 
then  depressed  al)out  180  feet,  while  the  Trenton  gravel,  which  flows 
in  a  channel  cut  through  these  (le|)osits  was  formed  long  afterwards 
when  the  last  lingering  renniants  of  the  glacier  were  thawed  out,  and 
when  the  land  had  risen  to  about  its  present  elevation. f 


*Mr.  Hall,  (Proc.  Amer,  Philos.  8oc.)  who  concludes  "that  this  belt  of 

drift  deposit  is  no  otlier  than  a  fj:hu'ial  moraine  formed  by  tlie  .Scluiyikill 
glacier  receding  from  tiie  site  of  tlie  city." 

t  A  map  wa.s  here  exhibited  of  tlic  boundaries  of  the  surface  formations  of 
Philadeli)hia,  as  traced  out  by  Professor  Lewis.  He  showed  that  these 
formations  were  confined  to  the  river  valley,  being  boimded  by  the  "  Upland 
terrace,"  and  that  they  appeared  on  both  sides  of  the  river.  He  showed 
also  that  during  part  of  the  Glacial  Epoch  the  Scluiyikill  emptied  into  the 
Whole  No.  Vol.  CXV. — (Third  Series,  Vol.  Ixxxv.)  24 
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THE   YEI.LOAV    GRAVEL. 

Near!}-  the  whole  of  Southern  New  Jersey  and  a  small  adjoining 
portion  of  Pennsylvania  are  covered  by  a  deposit  of  yellow  gravel 
which  has  been  variously  known  as  quaternary,  southern  drift,  etc. 
It  extends  southward  all  along  the  Atlantic  coast  in  the  region  of  tide 
water,  rising  some  two  hundred  feet  above  the  level  of  the  ocean.  It 
caps  the  watershed  between  the  Atlantic  and  the  Delaware  (elevation 
190  feet),  and  is  well  exposed  in  the  railroad  cuts  at  Glassboro  and 
other  places  in  Xew  Jersey.  This  gravel,  unlike  those  so  far  described, 
is  not  confined  to  the  Delaware  valley,  but  occurs  all  along  the  Atlantic 
seaboard  in  the  Southern  States.     It  is  therefore  of  oceanic  origin. 

It  is  characterizeii  by  small  water-worn  pebbles,  somewhat  egg- 
shaped  in  form,  seldom  above  an  inch  in  length,  usually  less,  and  com- 
posed of  quartz  or  quartzite  rocks.  There  are  also  occasional  pebbles 
of  flint,  and  of  fossiliferous  hornstone  and  chert.  It  contains  no  large 
boulders,  and  has  no  pebbles  of  soft  or  readily  decomposable  rocks, 
and  its  pebbles  have  nearly  all  a  weather-worn  eaten  appearance.  Still 
other  circumstances,  such  as  the  great  amount  of  erosion  it  has  suffered,, 
and  the  decomposed  state  of  the  beds  upon  which  it  lies,  point  to  the 
conclusion  that  it  is  an  ancient  deposit  of  marine  origin,  made  during^ 
a  submergence  in  preglacial  times.  The  glacial  drift  overlies  and  is 
more  recent  than  this  yellow  gravel.  This  gravel  is  of  a  yellowish, 
color,  becoming  white  when  exposed  to  the  weather,  and  is  more  sandy 
tiian  the  red  gravel.  For  these  reasons  it  is  less  esteemed  for  road 
making.  The  Germantown  railroad  cuts  through  this  gravel  at  New 
York  junction.  The  speaker  has  found  here  pebbles  containing 
cvathophvlloid  corals,  favosites,  a  trilobite,  etc.  The  connecting  rail- 
road at  Ridge  avenue  station  cuts  through  the  same  gravel,  and  here 
occur  strophomena,  etc.  Other  fossils  have  been  found  below  the  clay 
in  the  East  Park  and  at  the  Centennial  Grounds.  Pebbles  of  triassic 
red  shale,  so  common  in  the  red  gravel,  do  not  occur  in  this  older 
yellow  gravel. 

The  yellow  gravel,  which  can  always  be  recognized  by  the  fossilife- 
rous pebbles  of  Niagara  limestone,  etc.,  in  it,  may  be  studied  on  Darby 

Delaware  at  the  Falls  of  Schuylkill,  and  that  the  State  house  steeple  would 
tlien  have  been  completely  submerged.  He  spoke  of  the  gold,  which,  in  small 
<iuantity,  disseminated  throughout  the  clay,  stating  that  it  has  been  esti- 
mated that  $126,000,000  of  gold  lies  underneath  the  paved  part  of  the  city, 
and  many  times  more  within  its  corporate  limits.  He  also  described  the 
process  of  brick  making. 
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road,  near  the  horse  car  depot,  in  the  railroad  cut  at  Kidley  Park, 
Dehiware  county,  where  coralt^  and  other  fossils  abound,  and  in  many 
other  places  in  and  about  the  city.  It  generally  occurs  near  the  base 
of  the  upland  terrace  upon  a  plateau  covered  by  more  recent  brick 
clay.  It  is  from  this  oceanic  gravel  that  most  of  the  pebbles  of  the 
red  gravel  have  been  derived.  The  yellow  gravel  is  probably  of 
neirer  Pliocene  age.  • 

THE    RHVX    MAWI!    GRAVEI,. 

Upon  the  summits  of  some  of  the  highest  hills  in  the  gneissic  region 
back  of  Philadelphia,  at  a  mean  distance  of  about  nine  miles  from  the 
river,  and  at  elevations  of  from  325  to  450  feet  above  it,  there  are 
isolated  patches  of  an  ancient  gravel,  different  from  any  yet  described, 
to  wdiich  the  speaker  has  given  the  provisional  name  of  "  The  l^ryn 
Mawr  Gravel."  It  can  always  be  recognized  by  the  presence  of  sharp 
or  partially  rounded  fragments  of  a  hard,  heavy  iron  sandstone  or  con- 
glomerate. Such  fragments  are  often  covered  by  a  brownisli  black 
iron  glaze.  More  than  fifteen  years  ago,  the  sj)eaker  noticed  in  the 
soil  of  the  upper  part  of  Germantown,  pieces  of  this  conglomerate, 
unlike  any  known  rock,  and  it  is  oidy  of  late  that  its  origin  has  been 
suspected.  It  consists  of  well-rounded  pebbles  of  quartzite  or  silice- 
ous sandstone  cemented  by  iron  into  a  stone  which  is  often  \qtj  hard. 
This  conglomerate  is  found  in  occasional  fragments  upon  ground  over 
300  feet  high,  but  is  not  found  in  abundance  until  an  elevation  of  over 
400  feet  is  reached.  At  these  highest  points  it  occurs  in  a  re<l  gravel 
whose  pebbles  are  identical  with  those  of  the  conglomerate. 

One  of  such  points  is  near  Chestnut  Hill,  on  the  city  line  road  at 
its  highest  elevation,  near  Willow  Grove  road.  Here,  nearly  nine 
miles  from  the  river  and  425  feet  above  it,  is  a  patch  of  this  gravel 
and  conglomerate,  in  which  sharj)  fragments  of  quartzite  are  mimcrous, 
but  there  are  no  traces  citlu'r  of  triassic  red  shale,  of  fossilifcrous 
pebbles,  or  of  rounded  pebbles  of  the  underlying  gneiss. 

A  similar  tract  of  this  gravel  occurs  at  Bryn  Mawr,  extending  from 
that  place  to  ncju-  Cooperstown.  A  good  section  is  exposed  in  the  rail- 
road cut  below  the  station.  From  this  locality  the  formation  is  named. 
It  is  here  about  430  feet  high,  and  nine  miles  front  the  river.  The 
gravel  is  ten  feet  deep,  and  lies  upon  a  steeply-dipping  gneiss  so  com- 
pletely decomposed  that  it  is  as  soft  as  clay.  Here,  as  at  Chestnut 
Hill,  the  gravel  lies  in  an  isolated  patch  upon  a  hill,  distant  from  any 


372  The  Geology  of  Philadelphia .         [Jour.  Frank.  Insi., 

stream  or  other  eroding  agency.  The  gravel  holds  sharp  fragments  of 
primal  rocks,  and  also  the  iron  conglomerate.  As  at  Germantown,  the 
fields  below,  to  the  south,  contain  occasional  fragments  of  the  con- 
glomerate. 

Another  good  exposure  of  the  Brvn  Mawr  gravel  is  on  a  hill  crossed 
by  the  road  leading  from  Haverford  College  to  Cooperstown.  The 
conglomerate  is  here  in  large,  sharp  fragments,  and  the  gravel  shows 
slight  horizontal  stratification.  On  the  crest  of  the  hill,  some  450  feet 
high,  there  is  a  weather-worn  boulder,  four  feet  in  diameter,  of  a  soft, 
coarse,  brown  sandstone  of  Bryn  Mawr  age,  apparently  in  place. 

A  fourth,  precisely  similar  exposure  of  gravel  with  conglomerate, 
and  at  about  the  same  elevation,  caps  the  hill  back  of  Media,  near  the 
Rosetree. 

Without  describing  any  further  exposures,  it  already  appears  that  in 
these  elevated  patches  of  ancient  gravel  we  have  the  last  remnants  of  a 
once  continuous  formation.  The  very  great  erosion  which  has  swept 
away  all  but  these  few  traces  is  a  sufficient  proof  of  its  age.  There 
are  no  points  at  all  approaching  the  elevation  of  these  hills,  between 
them  and  the  Atlantic  Ocean ;  and  it  is  at  once  suggested  that  these 
patches  are  the  remnants  of  an  oceanic  deposit,  possibly  of  Tertiary 
age.  It  is  interesting  to  find  that  a  precisely  similar  formation  caps 
some  of  the  hills  in  New  Jersey.  On  top  of  the  hill  at  Mount  Holly, 
N.  J.,  is  an  identical  conglomerate  and  gravel,  similar  in  appearance, 
and  composed  of  the  same  materials  as  the  formation  in  Pennsylvania. 
The  conglomerate  has  the  peculiar  ferruginous  glaze  already  noticed. 
It  here  overlies  cretaceous  marls  and  sands. 

The  Bryn  Mawr  gravel  caps  numerous  high  hills  in  Delaware 
county,  and  in  northern  Del; i ware  increases  largely  in  extent,  covering 
the  gneiss  hills  in  patches  several  miles  in  length.  At  a  point  two 
miles  northeast  of  Wilmington  it  comes  within  a  mile  of  the  river.  It 
is  in  many  places  five  feet  deep  and  is  less  eroded  than  in  Pennsylva- 
nia. As  in  Pennsylvania,  its  pebbles  are  mostly  of  sandstone  and 
quartzite,  and  fragments  of  iron  conglomerate  ore  abundant.  A  simi- 
lar formation  occurs  upon  the  heights  of  Georgetown,  D.  C.,  and  con- 
tinues through  the  southern  States  in  the  same  relative  position.  It  is 
probably  of  Tertiary  age,  and  represents  the  outliers  of  portions  of 
the  gravelly  shore  line  of  certain  oceanic  deposits  which,  nearer  the 
Atlantic,  are  more  largely  developed,  but  represented  by  clays,  sands, 
and  such  other  finer  material  as  would  be  deposited  farther  from  shore. 
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This  region  has  been  elevated  over  400  feet  since  these  deposits  were 
laid  down,  a  fact  which  may  lead  to  a  more  precise  estimate  of  their 
antiquity. 

Recapitulating  the  various  surface  formations  here  distinguished  as 
occurring  at  Philadelphia  we  have,  beginning  with  the  most  recent : 

Formation.  Geological  Age. 

Recent  alluvium.  Modern. 

Trentou  gravel.  Post-glacial. 

Philadelphia  brick  day.  Glacial. 

Red  gravel.  (Hacial. 

Yellow  gravel.  Pre-glacial. 

Bryu  ^lawr  gravel.  Tertiary. 

In  these  six  deposits  is  written  the  ancient  history  of  the  Delaware 
vallev.  If  Me  read  the  record  arig^ht,  thev  tell  us  that,  lony;  ago, 
before  man  was  created,  when  strange  mammals  roamed  abroad,  and 
when  all  southern  Xew  Jersey  lav  deep  beneath  the  Atlantic,  the 
waves  of  the  ocean  broke  upon  the  hills  of  Bryu  Mawr,  Chestnut 
Hill  and  Media.  At  the  same  time,  an  inlet  from  the  sea  extended 
over  a  great  part  of  the  Montgomery  county  limestone  valley,  depos- 
iting clays  holding  extensive  beds  of  iron  ore.  This  region,  then  450 
feet  lower  than  now,  was  afterwards  slowly  upheaved,  and  as  the 
waters  retreated,  the  yellow  gravel  was  probably  formed.  Afterwards, 
and  perhaps  in  consecpicnce  of  this  rise,  the  climate  grew  colder,  and 
glaciers  crept  down  from  Greenland  and  Labrador,  forming  a  huge 
mer-de-glace  thousands  of  feet  in  thickness,  whi(th  advanced  to  within 
60  miles  of  Philadelphia.  Again  the  land  descended  175  feet  lower 
than  it  now  is,  and  again  the  waters  covered  the  city.  This  time  it 
was  fresh  water  of  icy  coldness,  bearing  great  icebergs,  which  stranded 
on  the  shores  formed  by  the  hill  at  Wayne  Junction,  Belmont,  George's 
Hill,  Hestonville,  Haddington  and  Swarthmorc.  At  this  time  the 
river  Delaware  was  10  miles  or  more  in  width,  nearly  200  feet  deep, 
and,  as  a  roaring  flood,  deposited  the  red  gravel  and  left  in  it  the 
records  of  its  waves.  As  the  flood  became  more  quiet,  though  still 
filled  with  nnid  derived  from  the  base  of  the  glacier,  the  brick  ilays 
were  laid  down,  the  floating  ice  floes  meanwhile  dropping  their  fin- 
carried  boulders  all  over  our  city. 

After  many  thousands  of  years,  the  "Great  Ice  Age"  at  length 
came  to  a  dose,  the  land  rose  to  about  its  present  level  or  somewhat 
higher,  the  waters  retreated,  and  finally,  as  <u(l(lcn   elevations  of  tern- 
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perature  thawed  the  glaciers  still  remaining  in  the  head  waters  of  the 
Delaware,  there  came  those  last  great  floods  which  deposited  the 
"  Trenton  gravel."  The  Delaware,  then  so  wide  as  to  submerge  most 
of  Trenton,  all  of  Bristol,  and  the  river  front  of  Philadelphia  nearly 
up  to  the  State  house,  was  again  filled  with  floating  icebergs.  The 
walrus  played  in  its  waters,  while  the  reindeer  and  the  mastodon 
roamed  on  its  banks.  Man  also  then  first  appeared  With  habits 
most  probably  like  those  of  the  Esquimaux,  living  in  most  primitive  , 
ways,  he  hunted  and  fisiied  on  the  banks  of  the  swollen  Delaware, 
and  occasionally  dropped  into  the  water  his  rude  stone  implements, 
long  afterward  to  be  found  to  tell  the  story  of  their  makers. 

Finally,  the  land  began  the  sinking  which  is  now  in  progress,  the 
climate  grew  warmer,  the  Red  Indian  ^vas  introduced,  and  the  modern 
era  began. 

This,  in  brief,  is  the  tale  told  by  our  clays  and  gravels,  Surely  the 
long  despised  cobble-stones  of  our  ill-paved  streets  become  more  worthy 
of  our  respect  when  we  know  their  story.  Still  more  interesting  do 
they  become  when  we  learn  that  they  can  tell  us  of  the  early  history 
of  our  own  race.  They  belong  to  the  "  Trenton  gravel,"  and  we  have 
already  spoken  of  the  relation  of  that  formation  to  the  Antiquity  of 
Man  on  the  Delaware.  It  now  remains  to  point  out  more  exactly 
what  that  relation  is. 

(To  be  continued.) 


Production  of  Sulphur  in  the  Soil  of  Paris.— Some  recent 
excavations  for  public  works,  in  Paris,  have  opened  masses  of  mixed 
rubbish  in  wiiich  there  is  an  abundance  of  native  sulphur.  Its  crys- 
tallization can  be  perceived  by  the  naked  eye,  and  the  microscope 
shows  that  the  crystals  are  octahedral,  with  the  usual  forms  of  natural 
crystals,  sometimes  truncated  and  combined  with  right  prisms.  Daubree 
attributes  the  origin  of  the  sulphur  to  the  simultaneous  presence  of 
sulphate  of  lime  and  organic  matters  which  are  associated  with  it,  such 
as  vegetable  remains,  manure,  leather,  and  fragments  of  bones.  In 
some  places  the  quantity  of  sulphur  is  sufficient  to  pay  for  mining.  It 
consists  of  a  breccia  of  small  fragments,  incrusted  with  crystalline  sul- 
phur, which  helps  to  cement  them  together.  Crystallized  sulphur  is 
also  produced  between  fibres  of  decayed  wood.  When  the  bed  was 
opened  it  exhaled  a  powerful  odor,  resembling  that  of  phosphorus, 
which  was  attributed  to  phosphuretted  hydrogen. — Comptes  Rendus. 
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KENNEDY'S  REMOVABLE-SEAT  STEAM  VALVE. 


At  the  stated  meeting  of  the  Institute  held  February  21,  1883,  the 
Secretary  exhibited  and  explained  for  the  manufacturers  (McCam- 
bridge  &  Co.,  Philadelphia)  the  above-named  invention,  which  may 
be  concisely  described  with  the  aid  of  the  cbts,  as  follows : 

Fig.  1  represents  a  circular  metallic  cage,  in  the  bottom  of  which 
i.he  valve  seat  is  cut ;  this  is  the  removable  seat,  and  constitutes  tiie 


Fig.  1. 


Fig.  2. 

principal  feature  of  the  imi)rovement.  The  i)r()ng  [K)  extending  from 
the  bottom  of  the  cage  and  seat  is  a  guide  through  whicli  the  stem  in 
disk  works;  it  insures  the  disk  coming  scpiarely  upon  the  seat,  and  is 
'very  convenient  for  regrinding. 

Fig.  2  represents  an  ordinary  steam  globe  valve,  with  this  modi- 
fication attached.  {BE)  represents  a  flat  .seat  cut  in  the  body  of  the 
valve  upon  which  the  bottom  of  the  cage  {A)  rests;  the  cage  (A)  is 
held  in  this  position  by  means  of  the  cap  (C),  which  .screws  down  upon 
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its  top  face,  holding  it  as  firmly  as  though  it  and  the  body  were  one 
casting.  The  bottom  of  the  cage  (A)  and  the  seat  in  the  body  {JBB), 
upon  which  it  rests,  are  true  surfaces,  which,  Avhen  pressed  tightly 
together,  as  described  above,  form  a  tight  joint,  and  as  the  cage  always 
remains  stationary  after  being  put  in  place  there  is  consequently  no 
wear  between  them,  so  that  when  it  becomes  necessary  to  take  out  an 
old  cage,  to  put  in  a  new  one,  or  regrind  the  seat  in  the  old  one,  the 
seat  in  the  body  (BB),  upon  which  the  cage  rests,  will  be  found  quite 
unworn  ;  care  should  be  taken,  however,  to  see  that  this  seat  is  entirely 
free  from  scale  or  other  matter  (which  may  have  fallen  upon  it  during 
the  removal  of  the  old  seat),  before  dropping  the  cage  upon  it.  The 
disk  (D)  is  detachable  from  the  stem,  and  must  be  duplicated  each 
time  a  new  seat  is  put  in.  The  makers  furnish  duplicate  seats  and 
disk  which  they  guarantee  to  be  interchangeable,  and  to  fit  accurately 
any  valve  the  size  for  which  they  are  made. 

Some  of  the  advantages  claimed  for  this  valve  are  the  following : 
That  the  valve  seat  and  disk  may  be  removed  at  will,  and  either 
reground  or  duplicated;  that  the  valve  is  virtually  a  new  one  each 
time  the  seat  and  disk  are  renewed  ;  and  that  the .  body  of  the  valve 
need  never  be  removed  from  pipes  to  repair  or  renew  seat;  all  of 
which  save  time,  and  add  materially  to  the  usefulness  of  the  valve. 


Descartes  and  the  Barometer. — Prof.  L.  Nourisson  has  read 
to  the  French  Academy  a  memoir  upon  the  relations  between  Pascal 
and  Descartes.  Twelve  years  before  Torricelli  performed  his  experi- 
ment, Dtscartes  wrote  as  follows :  "  Air  is  heavy ;  it  may  be  compared 
to  a  huge  mass  of  wool,  which  surrounds  the  earth ;  the  weight  of  this 
wool,  pressing  upon  the  surface  of  mercury  in  a  cup,  and  not  acting 
upon  the  surface  of  the  mercury  in  the  tube,  prevents  the  mercurial 
column  from  descending.  This  weight  is  limited,  and  it  does  not  pre- 
vent the  descent  until  the  weight  of  the  column  is  less  than  its  own. 
In  order  to  detach  the  mercury  from  the  ceiling  of  the  tube,  a  greater 
force  is  required  than  that  which  is  represented  by  the  weight  of  the 
wool,  or,  in  other  words,  of  the  air.  The  force  which  depresses  the 
column  of  mercury  is  its  own  weight;  the  weight  of  the  column  which 
is  elevated  above  the  level  of  the  cup  is,  therefore,  equal  to  the  weight 
of  the  air  upon  a  portion  of  the  surface  of  the  cup  equivalent  to  the 
surface  of  the  column  in  the  tube." — Coniptes  Rendus.  C. 
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THE  HALL  TYPE-WRITER. 

[From  the  Report  of  the  Secretary,  March  21, 18*3.] 


The  machine  herewith  illustrated  by  a  perspective  view  and  two 
sections,  represents  a  new  and  ranch  simplified  form  of  type-writer, 
invented  by  Thomas  Hall,  and  made  by  the  Hall  Type-AVriter  Com- 
pany of  New  York.  The  machine  is  very  compact,  and  the  mechanism 
by  which  its  work  is  performed  is  quite  ingenious. 

The  machine  is  enclosed  in  a  box  17  inches  long,  7  inches  wide,  and 
3  inches  deep,  and  as  the  total  weight  is  only  5J  pounds,  it  will  be 
seen  that  it  is  very  portable.  The  perspective  view  gives  a  fair  idea 
of  the  apparatus,  when  standing  on  a  table,  with  the  box  oj)ened,  and 


Fig.  1. 

ready  for  work.  The  mechanism  is  carried  upon  a  light  bar  frame,, 
nickel-plated,  hinged  to  the  bottom  of  the  box  in  front,  and  provided 
with  pivotted  bars  at  the  back,  the  lower  ends  of  which  fit  into  .serrated 
catches  attached  to  the  bottom  of  the  box,  ^o  that  the  frame  can  be  set 
at  any  convenient  angle  for  working. 

There  are  two  distinct  series  of  motions  to  be  provided  for:  those 
affecting  the  j)aper,  and  those  rcMjiiircd  for  operating  the  type  The 
paper  receives  no  lateral  movement,  that  being  provided  for  in  the 
type  mechanism,  but  it  has  to  be  fed  u[)\vards  at  the  end  of  each  full 
or  broken  line  of  printing,  through  a  distance  suital)l('  to  presei've  the 
distinctness  of  the   lines,      lictween   the  end    bars  of  the  frame-  and 
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towards  the  front  of  the  apparatus  is  a  spindle,  enlarged  for  the  greater 
part  of  its  length  so  as  to  form  a  roller  (6)  Fig.  2,  which  is  covered 
with  indiajrubber,  as  shown.  On  the  left-hand  side  of  the  frame  this 
spindle  terminates  with  a  small  milled  wheel,  by  which  the  roller  can 
be  turned  at  will.  Immediately  in  front  of  the  roller,  and  embracing 
it  for  its  whole  length,  and  for  about  one-third  of  its  circumference,  is 
the  curved  plate  B,  made  very  thin,  nickel-plated,  and  graduated  along 
its  upper  edge  for  a  purpose  to  be  presently  described.  The  lower 
edge  of  this  curved  plate  is  fastened  to  the  bar  a,  Fig.  2,  parallel  to 
and  placed  below  the  centre  of  the  roller.  The  paper,  which  may  be 
of  any  width  up  to  14  inches,  and  of  any  length,  is  held  between  the 
rubber  face  of  the  roller  and  the  curved  plate;  the  latter  can  be  adjusted 
so  as  to  increase  or  diminish  the  grip.     This  is  effected  by  a  light 


spring  connected 'with  the  bar  a,  and  the  stud  and  set-screw  C;  by 
lifting  this  latter  a,  the  bar  can  be  turned  slightly  round,  and  the 
plate  B,  moved  from  the  roller.  As  soon  as  the  lower  edge  of  the 
sheet  of  paper  is  introduced  between  the  curved  plates  and  the  roller, 
turning  the  milled  disk  W  brings  it  forward  into  the  position  shown 
in  the  drawings,  and  printing  may  be  commenced  in  any  part  of  the 
sheet.  We  may  assume,  however,  that  it  is  intended  to  begin  at  the 
top  left-hand  corner,  in  the  usual  manner.  To  do  this  the  sheet  is  fed 
forward  by  turning  the  milled  disk  and  roller,  till  the  desired  margin 
Ls  left  at  the  top.  As  soon  as  one  line  has  been  printed,  or  whenever 
it  is  desired  to  commence  a  new  line,  by  turning  the  head  TFa  new 
surface  of  the  paper  is  presented.  It  is  obvious,  however,  that  unless 
<iare  were  taken  to  turn  the  roller  each  time  through  a  fixed  distance, 
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the  space  would  be  irregular,  and  the  appearance  of  the  work  untidy. 
To  secure  a  uniform  feed  and  therefore  regular  spacing,  the  lever  L 
at  the  left-hand  side  of  the  machine  is  introduced.  By  pressing  the 
thumb-piece  at  the  end  of  L  upwards,  the  roller  a  is  caused  to  move 
through  a  certain  distance,  by  the  action  of  a  spring  coiled  round  the 
spindle  of  the  roller,  and  connected  to  the  lever  L,  and  the  angle  frame 
g  (Figs.  1  and  2).  Stops  above  and  below  limit  the  travel  of  this 
lever.  For  spac^es  of  varying  widths  which  may  be  occasionally 
required,  the  milled  disk  IT  might  be  easily  graduated,  and  set  by 
means  of  a  fixed  pointer. 

We  have  now  to  consider  the  more  complex  mechanism  for  ])ro- 
ducing  the  printed  characters  on  the  paper.  As  the  latter  doo^  not 
move  laterally,  it  is  evident  that  the  form  must  have  such  a  motion, 
that  after  one  letter  has  been  printed,  the  type  must  travel  from  left  to 
right  through  a  determined  space,  so  as  to  bring  the  letters  successively 
over  an  unprinted  part  of  the  sheet.  As  every  one  knows,  some  letters 
occupy  more  space  than  others;  thus  I  i  occupy  less  room  than  M  m, 
and  the  difference  is  greater  in  small,  or  "lower  case"  letters,  than  in 
the  capitals.  In  the  Hall  machine  the  space  for  each  letter  is  eijual, 
for  the  eye  very  rapidly  becomes  accustomed  to  the  apparent  irregular 
spacing,  and  the  simplicity  of  the  machine  is  very  greatly  increas-ed. 
Having  impressed  one  letter,  then,  on  the  paper,  the  type  traverses 
towards  the  right  through  a  fixed  distiuice — one-tenth  or  oiK-tw(>lfth 
of  an  inch — and  so  on  till  the  end  of  the  line  is  reached.  The  way  in 
which  this  is  accomplished  should  now  be  described.  Tiie  whole  of 
the  printing  mechanism  is  carried  by  the  carriage  A  (Fig.  2)  hinged 
at  the  top  to  the  rod  R,  and  resting  at  the  bottom  on  tiie  front  bar  of 
the  frame.  The  j)erspective  view  shows  this  arrangement  clearly,  and 
Fig.  2  indicates  the  mechanism ;  in  this  figure  the  c^irriage  A  is  shown 
raisc^l  in  positicm  to  show  the  printing.  Tiie  rod  R  is  held  fast  in 
suitable  brackets  at  the  top  of  the  frame.  For  the  whole  of  its  length, 
excej)ting  a  short  distance  on  the  left,  this  rod  is  cut  out  in  circum- 
ferential grooves  so  as  to  form  a  rack,  The  broad  hinges  attaching 
the  |)latc  A  slide  freely  over  the  rod,  but  arc  very  carefully  fitted,  so 
that  there  is  no  shaking,  which  would  interfere  with  the  rcguhu'itv  of 
the  printing.  Near  the  toj)  of  the  cari-iagc  and  in  the  centre  of  its 
width  is  a  small  circular  box,  witii  teeth  around  its  circumference,  and 
containing  a  coiled  spring;  the  teeth  engage  in  the  grooves  of  the  rod  A', 
and   tend  to  move  the  carriage.     Suppose  that  the  hitter  ha.s  traveh'd 
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along  bar  to  the  right-hand  extremity,  then  by  pressing  a  lever,  the 
carriage  can  be  pushed  back  by  hand  to  the  left-hand  end;  but  this 
operation  coils  up  the  spring  in  the  box,  and  secures  a  sufficient  motive 
power  to  traverse  the  carriage  from  left  to  right  for  the  whole  length 
of  the  machine.  In  this  way  the  forward  travel  is  obtained,  but  it  is 
evident  that  the  movement  must  not  only  be  intermittent,  but  must  be 
normally  limited  to  one  tooth  of  the  rack  on  the  bar  R,  equal  to  the 
width  of  the  spaces  between  the  printed  letters.  The  device  by  which 
this  is  effected  is  simple  and  ingenious  ;  it  is  indicated  in  the  perspective 
view,  but  requires  a  separate  diagram  to  make  it  quite  intelligible.  On 
the  right-hand  side  of  the  carriage  A  is  a  flat  lever  pivotted  to  and 
near  the  top  of  the  plate  by  a  pin,  the  head  of  which  projects.  Pinned 
to  this  lever,  and  lying  close  beside  it,  are  two  other  shorter  levers,  one 
of  which  is  a  spring  always  tending  to  open.  At  their  upper  ends 
both  of  these  levers  have  a  semicircular  recess,  the  diameter  of  \vhich 
corresponds  with  that  of  the  grooves  in  the  rack  bar  R.  The  end  of 
the  l(»ng  lever  first  mentioned  has  also  a  similar  semicircular  recess, 
which  in  its  normal  position  is  just  clear  of  the  lower  half  of  the  bar 
R,  the  two  short  levers  pinned  to  it  engaging  in  the  upper  half  of  one  of 
the  grooves ;  in  this  position  the  carriage  A  is  held  firmly.  If  the  long 
lever  is  depressed  by  touching  the  finger-plate  S,  the  upper  end  of  the 
lever  is  raised,  and  the  semicircular  recess  engages  in  one  of  the  grooves 
on  the  under  side  of  R,  which  locks  the  carriage;  at  the  same  time  the 
two  short  levers  pinned  to  it,  are  raised  clear  of  the  groove.  Now  the 
projecting  stud  on  which  the  long  lever  turns,  passes  through  a  hole  in 
the  outer  short  lever  which,  as  already  said,  is  formed  of  a  spring.  As 
these  levers  are  pinned  to  the  long  lever,  it  follows  that  the  depression 
of  the  latter  raises  the  short  levers,  but  the  instant  that  the  spnng  lever 
is  (;lear  of  the  bar  R,  it  flies  open,  against  the  stop  A  (Fig.  1).  The 
coiled  spring,  however,  in  the  box  on  the  carriage  cannot  force  the 
latter  forward  because  it  is  locked  by  the  end  of  the  long  lever  engaging 
in  the  bar  R.  As  soon  as  the  lever  is  released,  however,  its  end  falls 
clear  of  the  l)ar,  and  the  coiled  spring  then  forces  the  plate  forward, 
the  two  short  upper  levers  falling  uito  the  next  groove,  and  locking 
the  carriage  again.  The  stop  against  which  the  spring  lever  presses, 
and  jiigt  referred  to  {A,  Fig.  1),  is  adjustable,  so  that  the  carriage  can 
travel  through  one  or  two  spaces,  or  not  travel  at  all.  The  long  lever, 
with  the  finger  plate  S,  is  used  to  produce  the  spaces  between  the  words; 
precisely  the  same  result  is  obtained  by  depressing  the  top  plate  of  the 
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carriage,  to  which  the  sy.stem  of  levers  is  attached ;  this  forms  the 
spaces  between  the  letters.  In  this  way  tlie  carriage  travels  intermit- 
tently from  left  to  right  of  the  machine,  either  across  the  whole  width 
of  the  paper,  or  for  any  distance  that  may  be  desired.  In  order  to 
return  the  plate  to  the  left-iiand  side,  all  that  is  necessary  is  to  ])ress  a 
thumb-piece  on  the  inner  short  lever,  and  a  similar  thumb-piece  fast 
on  carriage ;  this  raises  the  upper  ends  of  the  short  levers  free  of  the 
grooved  bar,  and 'the  carriage  is  then  slid  backward,  the  movement 
winding  up  the  coiled  .spring;  a  new  line  may  then  be  commenced, 
Cxire  being  taken  to  feed  the  paper  up  through  one  .space  by  lifting  the 
lever  L. 

The  printing  mechanism  is  all  contained  in  the  carriage  A.     It  con- 
sists of  an  upper  and  lower  plate  about  three-eighths  of  an  inch  apart; 
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the  lower  one  is  rigid,  resting  on  the  front  bar  of  the  frame,  and  con- 
nected to  the  rod  li  by  brackets,  on  which  it  is  free  to  turn,  while  the 
upper  one  is  also  hinged  to  the  rod,  as  .shown  in  the  perspective  view, 
and  is  held  up  from  the  bottom  plate  by  levers  fixed  to  a  small  shaft 
on  the  front  of  the  upper  plate,  which  is  acted  on  by  a  .spiral  .spring 
ju.st  strong  enough  to  lift  the  plate,  two  spring  latches  fixed  to  the 
lower  plate  keeping  it,  however,  in  })osition.  To  the  top  of  the  upjicr 
plate  is  .screwed  a  rect<uigular  j)iece  of  ebonite,  3  inches  long  l)y  2] 
inches  wide,  in  which  are  pierced  seventy-two  tapered  holes,  each  hole 
corresponding  to  a  type  character.  There  is  also  a  stud  J  about  the 
middle  of  the  plate  and  i)rojecting  through  it  on  both  sides.  The 
printing  characters  are  all  raised  in  relief  on  a  thin  elastic  plate  of 
vulcanized  rubber  about  3  inches  square,  and  stiffened  around  the 
edges  by  a  light  brass  frame.     The  arrangement  of  the  lettei's  is  such 
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that  those  most  frequently  used  may  come  most  easily  to  hand.  The 
above  diagram  shows  the  extent  and  arrangement  of  these  characters. 
A  variety  of  these  forms,  which  can  be  fixed  with  very  little  delay, 
are  manufactured,  so  that  any  class  of  type  may  be  employed  suitable 
for  any  language.  They  are  attached  to  an  articulated  frame,  shown 
in  Fig.  3,  which  is  a  plan  of  the  underside  of  the  top  plate  A.  This 
frame,  which  constitutes  a  parallel  motion,  has  its  fixed  points  at  16, 
16,  and  is  free  to  move  in  any  direction  with  equal  facility,  and  in  such 
a  way  as  to  bring  a  character  exactly  beneath  the  stud  J  in  the  plate  A. 
Fastened  to  the  frame  carried  by  the  parallel  motion  is  the  key  P,, 
hinged,  as  shown,  by  a  pin  to  the  plate  1  (Fig.  2),  going  off  to  the 
frame  just  alluded  to,  and  to  which  the  form  is  attached.     At  the  end 
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Fig.  3. 

of  the  key  P  is  a  nipple  i,  which  fits  the  holes  in  the  ebonite  plates, 
but  does  not  go  to  the  bottom  of  them.  If,  then,  this  nipple  be  placed 
in  the  hole  belonging  to  the  letter,  F,  for  example,  the  movement 
necessary  to  bring  Uie  key  to  this  hole,  also  by  means  of  the  parallel 
motion,  brings  the  letter  F  on  the  india-rubber  form,  immediately 
under  the  stud  J,  and  immediately  over  a  small  square  hole  in  the 
lower  plate  of  the  carriage  A,  through  which  the  paper  is  exposed. 
Then,  if  the  key  P  be  depressed,  the  upper  plate  of  the  carriage  A  i& 
is  also  depressed,  and  the  letter  F  is  brought  into  contact  with  the 
paper.  The  upper  surface  of  the  bottom  plate  of  the  carriage  A  is 
cx)vered  with  an  inking  pad,  and  it  follows  that  when  the  top  plate  is 
depressed  all  the. characters  in  the  form  are  brought  in  contact  with  the 
inking  pad,  except  F,  the  ink  from  which  is  transferred  to   the  paper. 
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The  .same  action  of  depressing  the  plate  sets  in  action  the  interfnittent 
feed  already  described,  and  when  the  ])late  rises,  the  carriage  A  moves 
to  the  right,  the  space  of  one  letter,  and  a  blank  piece  of  paper  is  again 
exposed  through  the  small  .square  opening  in  the  bottom  jdate  of  the 
carriage.  When  the  end  of  a  word  is  reached  the  operator  de])resses 
the  spacing  lever  by  touching  the  finger-plate  aS',  and  the  carriage 
traverses  the  necessary  distance.  The  bed  on  which  the  paper  rests  to 
receive  the  impression  is  formed  of  the  angle  bar  g  (Fig.  2.),  which 
runs  between  the  end  frames  immediately  behind  the  roller  6. 

Two  more  points  connected  with  tliis  extremely  ingenious  machine 
remain  to  be  noticed ;  the  fir.st  refers  to  the  device  for  regulating  the 
length  of  the  lines.  Above  and  behind  the  rack  bar  M,  is  a  square 
grduating  rod  running  from  end  to  end  of  the  type-writer.  On  this 
slide  two  stops  that  can  be  set  in  any  position  by  set  screws.  The 
right-hand  stop  is  providetl  with  a  tail  rigid  in  one  direction,  but  free 
laterally.  On  the  back  of  the  carriage  ^  is  a  finger,  and  when  this 
comes  in  contact  with  the  tiiil  just  mentioned,  the  latter  rises,  giving 
the  square  bar  a  partial  turn  on  its  axis,  until  the  contact  ceases  by  the 
passage  of  the  carriage,  when  the  bar  actuated  by  a  spring  returns  to 
its  normal  position,  and  in  doing  so  stikes  a  bell,  and  thus  notifies  that 
the  end  of  the  line  is  reached.  The  second  point  refers  to  the  means 
provided  for  going  back  to  any  place  on  the  line  to  make  a  correction. 
The  square  bar  just  alluded  to  is  graduated,  and  the  curved  plate  clip- 
ping the  paper  is  also  graduated  to  correspond,  .so  that  if  the  pointer  on 
the  top  left-hand  side  of  the  carriage  be  set  at  the  same  division  as 
that  oj)po.site  any  letter  to  be  corrected,  the  form  Is  brought  back  to 
the  exact  .spot. 

The  machine  permits  the  work  to  be  inspected  at  any  time  by  lifting 
the  carriage  A  without  letting  go  of  the  handle  P;  a  great  variety  of 
characters  can  be  employed,  and  the  u.se  of  only  one  key  renders  the 
manipulations  easily  and  quickly  acquired,  for  a  speed  of  thirty  to  fifty 
words  a  minute.  The  workmanship,  a.><  is  absolutely  necessary  for 
mechanism  of  this  class,  is  excellent. 


Sire's  Pendulum. — M.  Sire  has  presented  to  the  French  Academy 
a  modification  ot"  Fouaudt's  [K'udulum,  which  accurately  exhibits  the 
laws  of  displacement  in  whatever  latitude  the  experiment  may  be 
t  r  i  ed . — Comptes  Rendus .  C 
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The  Materials  of  ENGiNEEKiNCi.  In  three  parts.  Part  I.  Non- 
Metallic  Materials;  Stones,  Timbers,  Fuels,  Lubricants,  etc.,  by 
Robert  H.  Thurston,  A.  M.,  C.  E.,  etc.,  etc.  New  York,  John 
AViley  &  Sons,  15  Astor  Place,  1883. 

That  eminent  mechanic,  James  Naysmith,  defined  Engineering  as 
*'  Common  Sense  applied  to  Materials,"  and  although  the  definition  is 
broad  rather  than  accurately  descriptive,  it  suggests  in  a  forcible  man- 
ner the  necessity  which  requires  of  the  Engineer  a  thorough  knowledge 
of  materials,  their  nature  and  capabilities.  In  the  practice  of  his  pro- 
fession he  operates  on  materials,  and  the  laws  of  physical  science  are 
the  tools  with  which  he  works.  He  is  ever  on  the  alert  to  add  to  his 
knowledge  of  the  characteristics  of  these  materials,  and  eagerly  grasps 
each  new  fact  that  is  presented  to  his  notice.  In  the  book  now  before 
us,  the  first  volume  of  the  series,  Prof.  Thurston  presents  carefully  ar- 
ranged and  thoroughly  indexed  a  vast  amount  of  useful  information 
concerning  the  various  non-metallic  substances  with  which  the  engineer 
may  have  to  do,  and  incorporates  in  his  pages  the  latest  investigations 
of  many  observers. 

Chapters  I,  II,  and  III,  give  in  a  compact  form  a  general  descrip- 
tion of  all  the  chief  varieties  of  building  materials  comprised  under 
the  heads— stones,  cements,  and  timber — and  states  the  principal  local- 
ities from  which  tliey  are  each  obtained,  their  physical  peculiarities, 
the  uses  to  which  they  are  each  especially  adapted,  the  proper  method 
of  preparation,  etc.,  etc.  A'^ery  full  tables  are  given  of  strengths  of 
masonry,  brickwork,  and  the  different  kinds  of  wood  used  in  construc- 
tion. The  various  kinds  of  masonry  are  described  and  illustrated, 
together  with  many  cements  and  mortars.  The  strength  of  timber  is  treated 
at  length,  considerable  space  devoted  to  the  various  methods  that  have 
been  adopted  for  preserving  wood,  and  the  subject  concluded  by  a  val- 
uable table  giving  at  a  glance  the  special  adaptations  of  the  various 
kinds  to  the  uses  of  the  carpenter,  the  ship  builder,  and  the  mill- 
wiight;  and  also  a  classification  of  special  properties  showing  the 
woods  grouj^ed  under  such  heads  as  stiffness  and  elasticity,  toughness 
and  strength,  etc. 

The  many  varieties  of  Fuels  are  treated  in  Chapter  IV,  the  physical 
and  chemical  characteristics  described,  relative  efficiency  of  various 
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^uels  and  furnaces  discussed,  and  the  general  principles  governing  econ- 
omy in  combustion  set  forth. 

Chapter  V  contains  in  an  abridged  form  the  gist  of  Prof.  Thurs- 
ton's treatise  on  Friction  and  Lubrication. 

Chapter  VI  covers  a  collection  of  useful  facts  concerning  such  topics 
as  Leather  Belting,  Paper,  India  Rubber,  etc.,  and  the  remainder  of 
the  book  is  made  up  of  a  brief  description  of  the  metric  system,  fol- 
lowed by  a  number  of  tables  for  the  comparison  of  metric  with  U.  S. 
standard  weights  and  measures.  The  "  Centimetre — Gramme  Second  " 
system  of  Units,  is  also  described  and  a  short  table  of  four  figure 
loo;arithms  is  given. 

If  this  book  is  justly  open  to  any  criticism,  it  is  perhaps  that  these 
complete  metric  tables,  etc.,  which  occupy  nearly  one-sixth  of  the  entire 
number  of  pages,  cannot  be  strictly  included  under  "  Materials  of 
Engineering,"  and  in  fact  would  be  more  serviceable  in  an  engineer's 
"pocket-book,"  or  in  a  separate  binding  rather  than  as  an  appendix  to 
such  a  volume  as  the  present.  It  may  also  be  questioned  whether  the 
practice,  rigidly  adhered  to,  of  giving  all  dimensions  in  terms  of  the 
metric  scale  as  well  as  in  English  equivalents,  does  not  increase  the 
bulk  of  the  volume  without  giving  any  commensurate  advantage, 
especially  as  convenient  conversion  tables  are  now  so  common.  These 
are,  however,  merely  matters  of  individual  preference,  and  we  are  none 
the  less  indebted  to  the  author  for  another  valuable  addition  to  the 
Engineer's  library. 


Modification  of  Electrodynamic  Energy  by  Terrestrial 
Motion. — J.  Frolich  finds  by  experiment  that  the  mutual  influence 
of  two  currents  is  not  fully  expressed  by  Grassraann's  law,  but  that  it 
is  also  somewhat  dependent  upon  the  hour  of  the  day.  He  also  finds 
that  many  of  the  electrodynamic  laws  which  have  been  hitherto  accepted 
involve  a  theoretical  assumption  that  the  conductors  and  the  free  elec- 
tricity are  referred  to  the  earth  in  a  hyjxjthetical  state  of  absolute  rest. 
Clausias,  in  a  late  puli«ition,  hits  recognized  the  importance  of  Fro- 
lich's  views,  and  Rowland's  investigations  require  a  consideration  of 
the  earth's  motion  for  a  satisfactory  interpretation —  Wied.  Annul.     C. 

[The  relatioi>s  of  electricity  and  magnetism  to  cosmical  motion  were 
■discussed  by  Chase,  in  the  proceedings  and  transactions  of  the  Ameri- 
can Philosophical  Society  for  1864.] 
Whole  No.  Vol.  CX\^— (Third  Series,  Vol.  Ixxxv.)  25 
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Microscopic  Inscription  of  Physiological  Movements. — 

M.  Marey  has  invented  an  instrument  which  enables  him  to  make  an 
exact  record  of  the  phenomena  of  circulation,  respiration,  and  muscu- 
lar and  nervous  actions.  By  employing  a  fine  steel  point  and  a  thin 
layer  of  lampblack,  movements  which  do  not  exceed  one-tenth  of  a 
millimetre  (^^  in.)  are  magnified  to  great  dimensions.  The  apparatus 
can  easily  be  carried  in  the  pocket. — Comptes  Rendus.  C. 

Elasticity  and  Electric  Conductivity  of  Coal. — W.  Becty 
reports  a  series  of  experiments  upon  some  cylindrical  sticks  of  coal 
prepared  by  Carre,  estimating  their  modulus  of  elasticity  by  determin- 
ing the  note  which  is  produced  by  rubbing  them  longitudinally  with 
rosined  fingers.  All  the  observations  showed  an  increase  of  conduc- 
tivity with  increase  of  temperature.  He  does  not  think  that  coal, 
whether  compressed  or  prepared  from  gas  coke,  is  so  homogeneous  as 
Siemens  supposes,  but  its  texture  is  sufficiently  uniform  to  furnish 
conclusive  evidence  of  the  relations  which  he  has  pointed  out. — Ann. 
der  Phys.  und  Chem.  C. 

Thermal  Theory  of  the  Galvanic  Current. — J.  L.  Hoosweg 
finds  that  there  is  always  an  evident  decomposition,  when  the  thermo- 
electric equivalent  of  electrolysis  exceeds  the  electromotive  force  of  the 
battery.  He  deduces  from  his  experiments  the  following  conclusions: 
1 .  Every  manifestation  of  electricity  is  a  consequence  of  the  disturbed 
thermal  currents,  at  the  point  of  contact  between  two  heterogeneous 
bodies.  2.  Electricity  is  propagated  either  through  conduction  or 
dielectric  radiation.  8.  Bodies  may  b9  divided  into  dielectrics  and 
adielectrics.  In  the  first  the  conductivity  increases,  in  the  second  it 
diminishes,  with  an  increase  of  temperature.  4.  An  electrolyte  is 
a  decomposible  dielectric.  5.  In  every  closed  circuit,  of  which  a 
portion  is  dielectric,  the  sum  of  the  potential  differences  is  either  greater 
or  less  than  zero.  6.  The  galvanic  current  arises  at  the  expense  of  the 
temperature  at  one  point  of  contact  and  produces  an  increase  of  tem- 
perature at  the  other.  7.  The  electrolytes  in  the  circuit  are  always 
decomposed.  Hence  arise  new  differences  of  the  potential,  which  may 
diminish  the  previous  sum  or  even  reduce  it  to  zero,  through  chemical 
polarization.  8.  The  change  of  temperature  is  estimated  by  the  gal- 
vanic heating,  the  production  of  warmth  at  the  points  of  contact,  and 
the  chemical  heating.  These  changes  lead  to  thermal  polarization. 
— Ann.  der  Phys.  und  Chem.      \  C, 
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Cause  of  Weakness  in  the  St.  Gothard  Tunnel.— Investiga- 
tions have  been  made  of  tlie  caii.se  of  weakness  in  the  parts  of  the  St. 
Gothard  tunnel  where  the  vaults  were  crushed,  and  it  is  thought  that 
the  accident  must  be  attributed  to  the  action  of  damp  air  upon  the 
schists  aud  gneiss,  and  to  the  decomposition  which  resulted  therefrom ; 
the  presence  of  anhydrous  sulphate  of  lime,  or  karstenite,  was  also  an 
important  agency ;  its  transformation  into  gypsum  is  followed  by  a 
disaggregation  which  renders  the  rock  incapable  of  sustaining  its 
pressure.  Other  hypotheses  have  been  framed,  but  ^I.  Loustan  con- 
siders this  as  the  most  plausible. — C.  R.  de  la  Soc.  des  Ingia.  Civ. 

Dust,  Mist,  and  Clouds. — Mr.  Aitken  draws  the  following  con- 
clusions from  an  extensive  series  of  experiments  :  "  Whenever  vapor 
condenses  in  the  atmosphere,  the  condensation  is  always  made  on  a 
solid  nucleus,  which  is  furnished  by  particles  of  dust.  Without  dust 
there  would  be  neither  mists  nor  clouds,  aud  the  super-saturated  air 
would  transform  every  object  upon  the  earth's  surface  into  a  condenser 
upon  which  it  would  deposit  its  excess  of  water.  Whenever  the  breath 
becomes  visible  in  a  cold  atmosphere  it  demonstrates  the  impure  and 
dusty  condition  of  the  air.  The  foam  of  tlie  sea,  meteoric  matter,  and 
fires  are  fertile  sources  of  the  dust  and  impurity." — Les  Mondes.     C. 

South  American  Woods.— M.  Thanneur  describes  some  varie- 
ties of  South  American  wood  which  seem  likely  to  become  valuable  for 
engineering  purposes.  The  yandubay  is  exceedingly  hard  and  very 
durable.  The  couroupay  is  also  very  hard  and  very  rich  in  tannin. 
It  bears  some  resemblance  to  the  quebracho,  which  is  perhaps  the  most 
interesting  of  all  and  the  most  used.  It  is  very  abundant  in  Brazil 
and  La  Plata.  Its  diameter  varies  within  the  same  limits  iis  that  of 
the  oak,  but  the  trunk  is  shorter.  It  is  used  for  railway  sleepers,  tele- 
graphic poles,  piles,  etc.  It  is  very  durable,  especially  when  well 
seasoned.  It  is  much  heavier  than  water,  its  specific  gravity  varying 
between  1'203  and  r333.  Its  color  is  reddisii,  like  maiiogany,  but  it 
becomes  darker  in  time.  On  account  of  its  hardness  it  is  difficult  to 
work,  and  it  cannot  be  readily  cut  with  an  axe.  It  has  been  intro- 
duced into  France  on  account  of  its  richness  in  tannin.  A  large  por- 
tion of  the  Brazilian  leather  is  tanned  by  the  sawdust  of  quel)racho, 
but  the  leather  is  rather  brittle.  A  mixture  composed  of  one-third  of 
powdered  quebracho  and  two-tiiirds  of  ordinary  tan  gives  very  good 
results. — Ann.  des  Pants  et  Chauss.  C. 
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Mariotte's  Law. — Amagat's  various  experiments  upon  llie  com- 
pressibility  of  gases,  show  that  the  behef  that  a  gas  continues  to  vary 
from  Mariotte's  law  by  becoming  less  compressible  as  the  temperature 
continues  to  be  increased,  is  not  correct.  If  hydrogen  were  cooled 
sufficiently  it  would  finally  be  compressed  more  than  the  law  indicates ; 
on  raising  the  temperature  the  variation  from  the  law  would  first 
vanish  and  then  become  negative;  but  this  variation,  instead  of  con- 
tinuing to  increase  negatively,  would  attain  a  maximum  and  then 
begin  to  approach  unity. — Ann.  de  Chun,  ef  de  Phys.  C. 

Mean  Temperatures  of  the  Northern  and  Southern  Hemi- 
spheres.— Hennessy  called  attention,  more  than  twenty  years  ago, 
to  the  superiority  of  water  over  the  other  materials  of  the  earth's  sur- 
face, for  the  absorption  and  diffusion  of  solar  heat.  His  conclu.sions 
were  diametrically  opposed  to  those  which  had  been  previously  adopted, 
but  thev  have  gradually  commanded  the  increasing  support  of  observers. 
W.  Henel  has  therefore  published  the  conclusion,  that  the  difference 
of  temperature  between  the  two  hemispheres  is  very  small,  and  that 
the  southern  hemisphere,  which  has  the  larger  mass  of  water,  also  has 
the  higher  temperature.  M.  Hann  has  given  a  summary  of  observa- 
tions, in  the  Comptes  Bendus  of  the  Vienna  Academy,  and  he  concludes 
that  15"2°  (59*4F.)  is  the  temperature  of  the  two  hemispheres. — Comptes 
JRendiis,  xcv,  471.  C. 

•  Influence  of  Minute  Mixtures. — The  presence  of  g^^-o^  of  a 
pound  of  antimony  in  a  pound  of  melted  lead  increases  the  rapidity 
with  Mhich  the  lead  oxidizes  and  burns.  Lead  which  contains 
more  than  ^^^^q  of  its  weight  of  copper,  is  unfit  for  the  manufacture 
of  white  lead.  Gold  with  an  alloy  of  2ifo'o  ^^  ^^^^^  '^^  extremely 
brittle.  Copper  with  |  per  cent,  of  iron  has  only  40  per  cent,  of  the 
electric  conductivity  of  pure  copper.  Nickel  was  regarded  as  a  metal 
which  could  be  neither  rolled,  hammered  nor  Avelded,  until  it  was 
found  that  the  addition  of  toVh^^  magnesium,  or  of  yAw  ^^  phos- 
phorus, makes  it  malleable.  Some  varieties  of  cast  steel  are  exceed- 
ingly brittle,  but  the  addition  of  y^  ^^  ^'"*^  P^^'  <^^"^-  ^^  magnesium 
makes  them  malleable.  At  the  Paris  Exposition  of  1878,  a  great 
difference  was  found  in  the  toughness  of  sheets  which  were  made  of 
Swedish  puddled  iron.  The  only  difference  which  chemical  analysis 
showed  was,  that  the  good  plates  contained  yo^-juo>  ^^^  the  bad  xwiuo' 
of  phosphorus. — Der  Techinher.  C. 
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Newton's  Rings. — Solincke  ami  AVangcrin  liave  repeated  and 
extended  their  observations  npon  Xewton's  rings,  with  results  which 
confirm  their  early  views  with  regard  to  the  slight  eccentricity  of  the 
rings.  If  the  microscope  is  so  placed  as  to  give  the  sharpest  possible 
definition  to  any  portion  of  a  dark  ring,  in  order  to  see  another  ring, 
or  even  another  part  of  the  same  ring,  it  is  not  sufficient  to  move  the 
microscope  in  a  parallel  plane,  but  it  must  be  elevated  upon  one  side 
and  depressed  upon  the  other. — Ann.  der  Phys.  und  Chem.  C. 

Treatment  of   Copper  in  the    Bessemer  Converter.— P. 

Manhes,  of  Lyons,  has  successfully  applied  the  Bessemer  process  to 
the  treatment  of  copper  ores.  M.  Gruner  stales  that  the  method  has 
reduced  the  metallurgical  labor  from  six  or  eight  operations  to  three, 
and  although  he  does  not  anticipate  so  radical  a  revolution  as  in  the 
production  of  steel,  he  does  not  hesitate  to  predict  a  brilliant  future. 
In  France,  especially,  where  fuel  is  dear,  the  j)rocess  will  utilize  ores 
which  have  hitherto  been  worthless.  The  progress  is  the  more  remark- 
able, because  the  metallurgy  of  copper  had  remaine<l  completely 
stationary  for  the  last  fifty  years. — Bxdl.  de  la  Soc  d^Encour.  Sept. 
1882.      '  '  C. 

Tones  Produced  by  Intermittent  Radiation.— W.  C.  Rout- 
gen  was  induced,  by  Bell's  experiments  with  the  photophone,  to  employ 
an  ap})aratus  which  he  had  long  used  in  his  physiciil  lectures  for  show- 
ing the  efiects  of  intermittent  radiation  in  gases.  He  used  the  lime 
light  as  a  source  of  hejit.  The  rays  were  concentrated  by  lenses  upon 
a  notched  disk  of  pasteboard,  which  could  be  rapidly  rotated  about  a 
horizontal  axis.  An  absorption  apparatus  was  placed  behind  the 
notches,  with  a  short  gla.<s  tube,  of  one  centimetre  diameter,  over  which 
was  placed  a  wide  caoutchouc  tube  that  led  to  the  ear  of  the  observer. 
The  rays  penetrated  into  the  absorption  apparatus  when  openings  in 
the  disk  came  in  front  of  the  rock  salt  plate,  and  were  interrupted  by 
the  uunotched  parts  of  the  disk.  With  air,  hydrogen,  or  oxygen,  Jie 
was  unable  to  obtain  any  tones;  but  with  illuminating  gas  and  with 
ammonia  distinct  tones  were  heard,  somewhat  like  the  whistling  of  a 
moderate  wind.  The  jjitcli  varied  with  the  vehicity  of  rotation  and 
the  tone  vanished  only  when  the  rotation  became  very  rapid. —  Wled. 
Annul.  C. 
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New  Analysis  of  Tobacco  Smoke. — G.  Le  Bon,  and  G.  Noel, 
have  sent  to  the  French  Academy  three  vials,  containing  products 
■which  they  have  succeeded  in  extracting  from  tobacco  smoke.  They 
are:  1,  prussic  acid;  2,  an  alkaloid  of  an  agreeable  odor,  but 
dangerous  to  breathe,  and  as  poisonous  as  nicotine,  since  -^-^  of  a  drop 
destroys  animal  life ;  3,  aromatic  principles,  which  are  as  yet  unde- 
termined, but  which  contribute,  with  the  alkaloid,  to  give  the  smoke 
its  perfume.  The  alkaloid  appears  to  be  identical  with  collidine, 
which  has  been  observed  in  the  distillation  of  many  organic  sub- 
stances, but  its  physiological  and  poisonous  properties  have  been 
hitherto  unknown. —  Comptes  Rendus.  C. 

Relation  between  the  Major  and  Minor  modes  in  IVTusic. 

— F.  Ricard  has  been  experimenting  with  a  key  board  of  equal 
temperament,  and  finds  that  inversion  changes  the  mode  from  major 
to  minor,  and  vice  versa.  M.  C/Orun,  without  adopting  Ricard's  views 
upon  the  constitution  of  musical  scales,  thinks  that  this  curious  in- 
version is  worthy  of  study,  and  that  it  may  throw  some  light  upon 
the  obscure  questions  relative  to  the  interpretation  of  major  and  minor 
melodies. — Comptes  Rendus. 

[The  *'Orginnette"  furnishes  great  facilities  for  experimenting  on 
inversion.  Some  of  the  results  are  very  curious,  and  if  they  are 
carefully  investigated,  they  may  lead  to  important  scientific  con- 
clusions.] C. 

Selenium  as  a  Regulator  of  Heat.— P.  Germain  proposes  to 
use  the  various  degrees  of  resistance  which  selenium  opposes  to  the 
passage  of  electricity  at  different  temperatures  and  under  different  rays 
of  the  spectrum,  to  the  regulation  of  the  temperature,  in  muffles  for 
enameling  painted  glass  or  porcelain.  He  uses  a  thermo-electric  bat- 
tery of  thirty  element=,  which  receives  the  heat  directly  from  the  muf- 
fle. The  opposite  pole  is  connected  with  the  wall  of  a  porous  vessel, 
full  of  water,  which  maintains  a  sensibly  constant  temperature.  The 
thermo-electric  current  increases  in  potential  proportionally  to  the  ele- 
vation of  the  temperature  in  the  muffle.  The  selenium  is  brought 
into  the  circuit,  but  it  remains  comparatively  unaffected  until  the 
muffle  has  reached  the  proper  luminous  temperature,  when  it  allows 
the  current  to  pass  and  to  give  a  signal  by  means  of  a  bell. — Comptes 
Rendus.  ■        C. 
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To   WHOM    IT    MAY    CONCERN: 

At  a  stated  mectiug  of  the  Frauklin  Institute,  held  Wednesday, 
March  21st,  it  was 

Resolved,  That  the  President  be  autliorized  and  requested  to  appoint,  as 
early  as  practicable,  a  Committee  to  examine  the  several  forms  of  appara- 
tus used  for  projections  upon  the  screen  of  illustrations  of  all  kinds,  for 
lectures,  etc. ;  that  the  said  Committee  be  requested  to  invite  the  co-opera- 
tion of  those  interested  in  the  manufacture  and  use  of  these  instruments, 
to  the  end  that  they  may  be  induced  to  ofl'er  their  instruments  for  competi- 
tive tests  in  comparison  with  others  ;  that  the  Committee  'have  the  permis- 
sion to  make  use  of  the  lecture-room  of  the  Institute  for  their  purpose  on 
any  evening  when  it  is  not  engaged ;  and  that  they  be  requested  to  prepare 
a  report  embodying  the  results  of  their  investigations,  together  with  such 
recommendations  respecting  the  construction  and  use  of  such  instruments 
as  they  may  deem  proper  to  make. 

The  Committee  appointed  under  this  resolution  have  directed  me  to 
send  a  notice  to  the  various  parties  known  to  be  intereste<l  in  the  sale 
and  exhibition  of  projecting  apparatus,  asking  them  to  furnish  this 
Committee  with  specimens  of  their  instruments  for  comparative  tests. 

If  you  wish  an  examination  made  of  your  instruments,  please 
notify. 

Yours  respectfully, 
Chas.  M.  Cressox,  M.D.,  Chairman  of  Committee. 
No.  Ji.17   Walnxd  street,  Philadelphia,  April  5,  1883. 
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Presented  by  the  Company. 
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Mechanics  Institute  of  the  City  of  San  Francisco.    Report  of  the  17th 
Industrial  Exhibition.  Presented  by  the  Institute. 

Mekarski  Compressed  Air  System  for  Locomotives,  etc.     Reports  of 
Sir  F.  Bramwell  and  B.  Frank  Teak     Philadelphia. 
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Meteorological   Council   of  the   Royal   Society.     Quarterly  Weather 
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Meteorological  Council  of  the  Royal  Society.     Report  for  year  ending 
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Meteorological  Council  of  the  Royal  Society.     Hourly  readings,  Parts 
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Pi  Eta  Scientific  Society.     Papers  read.     No.  5,  Vol.  2.     Troy. 

Presented  by  the  Society. 

Pumping  Engines.  Steam  Pumps  and  Hydraulic  Machinery.  Cope 
(t  Maxwell  Mfg.  ^'o.         Hamilton.    Presented  by  the  Company. 
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Quick,  Jos.     Ratiug  Gas  and  Water  Works.     London,  1880. 

Ransomes  &  Rapier:  Tramway  Xuisance  and  its  True  Remedy.  Lon- 
don. 

Reid  H.  Manufacture  of  Portland  Cement.  Ijondon.  E.  ct  F.  X. 
Spoil.     1877. 

Routledge,  Thos.  Bamboo  Considered  as  a  Paper  Making  Material. 
London,  1875. 

Royal  Institution  of  Great  Britain,  Proceedings  of  the.  Parts  4  and 
5  of  Vol.  9  and  List  of  Members,  etc.,  1881.     London. 

Presented  by  the  Institution. 

Signal  Service  U.  S.  A.  Annual  Report  of  the  Chief  Signal  Officer. 
1880-1881.     Washington.  Presented  by  the  Signal  Service. 

Simmonds,  P.  L.     Hops.     London,  1877. 

Situation  des  Reseaux  Telephoniques.     Paris.     1883. 

Presented  by  the  Compagnie  Internationale  des  Telephones. 

Smith,  H.  A.  ChemistiT  of  Sulphuric  Acid  Manufacture.  London. 
1873. 

Soanies,  P.     Manufacture  of  Sugar  from  the  Cane.     London,  1872. 

Societe  Rationales  des  Sciences  Xaturelles  et  Mathematiques  de  Cher- 
bourg.    Catalogue  de  la  Bibliothoque.     Cherbonrg,  18<S1. 

Presented  by  the  Society. 

Spencer,  H.     Descriptive  Sociology.     8  parts.     New  York. 

Spencer,  H.     Philosophy  of  Style.     New  York,  1882. 

Spencer,  H.     Social  Statics.     New  York,  1882. 

State  Department  L^.  S.  Reports  from  the  Consuls  of  the  United  States 
on  Cyreals  of  Europe,  India  and  Algeria.  Nos.  25  J  and  26.  Nov. 
and  Dec,  1882.     Washington. 

Presented  by  the  State  Department. 

Steel,  Jos.     Practical  Points  of  Malting  and  Brewing.     Loudon,  1881. 

Tariff  Commission.  Review  of  Prof.  Sumner's  Speech.  G.  B.  Dix- 
well.     Cambridge,  1882.  Presented  by  the  Author. 

Thwaite,  B.  H.  Our  Factories,  Warehouses  and  AVorkshops.  Lon- 
don, 1882. 

Treasury  Dep't  U.  S.  Annual  l^cport  of  the  Secretary  on  the  State 
of  the  Finances  for  the  year  1882.     Washington,  1<S82. 

Presented  by  the  Secretary. 

Treasury  Dep't,  U.  S.  Reports  of  Director  of  the  Mint  for  1 880-1882. 
Washington.  Presented  by  the  Dep't. 

Treasury  Dep't,  U.  S.     Report  of  the  Director  of  the  Mint  u[)oii  the 


398  Proceedings,  etc.  [jour.  Frank.  Inst., 

Statistics  of  the  Production  of  the  Precious  Metals  in  the  United 
States.     Washington,  1881. 

Presented  by  H.  Ij.  Burchard,  Director  of  the  Mint, 
Treasury  Dep't,  U.  S.     Peport  of  the  Supervising  Architect  for  1882. 

Presented  by  the  Dep't. 
United  States  Coast  and  Geodetic  Survey  Meteorological  Researches. 
Part  3.     Appendix  No.  10.     Report  for  1881. 

Presented  by  the  Survey. 
United  States  Coast  and  Geodetic  Survey.     Report  for  fiscal  year  end- 
ing June,  1880.     Washington.  Presented  by  the  Office. 

University  of  Minn.     Finding  Lists  of  the  Library.     St.  Peter,  1881. 

Presented  by  the  University. 

Venus,  Account  of  Observations   of  Transit  of.     1882.     By  D.  B. 

Todd.  Presented  by  the  Author. 

Venus,  Observations  of  the  Transit  of.     Dec.  5th  and  6th,  1882. 

Presented  by  Harvard  College. 

Walker,  C.  W.     Birmingham  Wire  Guage.     London,  1879. 

Warn,  R.  H.     Sheet  Metal  Workers'  Instructor.     Philada.,  1881. 

Water  Gas.     Is  it  more  Dangerous  in  Actual  Use  than  Coal  Gas? 
Philada.     A.  O.  Granger  &  Co.     1883. 

Presented  by  the  Publishers. 

West,  Thos.  D.     American  Foundry  Practice.     New  York,  1882. 

Wheeler,  W.  H.     Hints  to  Highway  Surveyors  on  the  Repair  of 
Main  Roads. 

Whitworth,  Jos.     Papers  on  Mechanical  Subjects.     London. 

Presented  by  the  Author. 

Wilkins,  H.     St.  Clair.     Mountain  Roads.     London,  1879. 

Zoological  Society  of  London.     Proceedings  of  the  Scientific  Meetings 
for  the  year  1882.     Part  3.     May  and  June. 

Presented  by  the  Society. 
E.  HiLTEBKAND,  Librarian. 


Franklin    Institute 


Hall  of  the  Institute,  April  18,  1883. 
The  stated  meeting  of  the   Institute  was  held  this  evening  at  the 
usual  hour,  with  the  President,  Mr.  Wm.  P.  Tatham,  in  the  chair. 
There  were  present  120  members  and  28  visitors. 
The  minutes  of  the  last  meeting  were  read  and  approved. 


May,  1883.]  Proceedings,  etc.  39& 

The  Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  stated  meeting  held  April  11th,  14  persons  had 
been  elected  to  membership. 

He  also  reported,  by  instruction,  that  at  the  same  meeting  the  Board 
had  adopted  the  followiug  resolution  :  Resolved,  "  That  the  Committee 
on  Exhibition  be  enlarged,  and  that  the  Committee  be  instructed  to 
take  measures  to  raise  an  adequate  guarantee  fund  to  protect  the 
interests  of  the  Franklin  Institute  in  the  contemplated  Electrical 
Exhibition." 

The  special  committee  on  the  "  Prevention  of  Fires  in  Theatres," 
presented  majority  and  minority  reports  which  were  accepted,  and 
referred  to  the  Committee  on  Publication. 

Mr.  C,  J.  H.  Woodbury,  of  Boston,  then  read  a  paper  on  a  "  Port- 
able Electric  Testing  Apparatus,"  having  for  its  object,  to  afford  a 
convenient  and  reliable  method  of  frequently  testing  the  insulation  of 
electric  lighting  circuits.  Mr.  Woodbury's  paper  has  been  referred  to 
the  Committee  on  Publication. 

Mr.  AVm.  F.  Goodwin  followed  with  a  paper  on  the  "  Goodwin- 
Roberts  Locomotive,"  in  which  the  special  features  of  the  new  engine 
were  shown  with  the  aid  of  lantern  views,  by  comparison  with  others 
of  improved  construction.  Mr.  Goodwin,  claimed  in  his  engine,  to 
have  overcome  the  difficulties  raised  by  Mr.  Wolf,  at  the  previous 
meeting,  in  his  remarks  on  Mr.  Le  Van's  paper. 

Mr.  Hugo  Bilgram,  by  request,  thereupon  described  and  exhibited 
in  operation  upon  a  lathe,  a  screw-cutting  attachment,  invented  by  ]\Ir. 
A.  Xacke,  of  Philadelphia.  This  device  automatically  releases  the 
jaws  of  the  screw-cutting  attachment  as  soon  as  the  screw  has  been 
cut,  thereby  greatly  reducing  the  time  required  for  cutting  screws. 

The  Secretary's  report  included  among  others,  a  description  of  the 
following  inventions : 

The  Continental  Underground  Cable  Company's  system  of  laying 
underground  electric  cables,  consisting  of  a  series  of  semi-circular 
pockets  or  troughs  of  sheet  metal,  contained  in  an  arched  chamber  of 
any  required  size,  the  foundation  and  walls  of  which  are  made  of 
bricks  presse<l  from  a  plastic  substance  described  as  being  strong,  hard, 
and  a  good  insulating  material.  The  cables  are  laid  in  the  troughs 
above  named,  being  drawn  through  or  removed  by  means  of  a  carrier 
with  a  rope  or  chain,  which  may  be  run  to  and   fro  in  the  bottom  of 
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the  chamber  by  any  couveuient  motive  power   applied   to  a  truck 
running  on  rails,  on  which  the  carrier  is  mounted. 

There  was  also  exhibited  and  described,  John  H.  Miller's  mechanical 
movement  for  converting  reciprocating  into  rotary  motion,  without  the 
intervention  of  a  crank.  The  same  inventor's  improvement  in  cranks 
was  shown,  and  consists  in  combining  with  the  usual  crank  and  the  fly- 
wheel connected  thereto,  a  guiding  crank,  or  link  attached  to  a  shaft 
of  its  own,  for  the  purpose  of  guiding  the  pitman,  and  also  in  inter- 
posing a  link  between  the  main  crank  and  connecting  rod;  the  alleged 
object  of  the  inventor  being  to  give  a  more  uniform  motion  to  the 
engine  to  which  it  is  applied. 

E.  Andrews,  of  Williamsport,  Pa.,  exhibited  several  saws,  showing 
a  new  method  of  fastening  saw  blades  in  handles.  The  blade  has  the 
hand-hole  cut  in  it,  and  the  handle  is  thereby  strengthened  by  the 
steel  in  the  butt  of  the  blade ;  furthermore,  the  workman  gets  the 
advantage  of  the  full  stroke  of  a  blade  without  drawing  the  arm  too 
far  back. 

Mr.  Oswald  McAllister,  of  Philadelphia,  exhibited  a  Positive 
Section  Liner,  for  draughtsmen,  which  was  claimed  to  possess  several 
advantages  over  others  for  section  lining  and  shading  cylinders.  A 
metal  triangular  scale,  exhibited  by  Mr.  McAllister,  was  also  shown. 
They  are  made  of  brass  tubing  with  a  dull,  nickel-plated  finish. 

Under  new  business,  Mr.  Robt.  Grimshaw  offered  the  following  resolu- 
tion viz  :  Resolved,  That  papers  intended  to  be  read  before  the  Institute 
shall  be  printed  before  reading,  and  copies  of  the  same  placed  at  the 
disposal  of  members,  before  the  meeting,  in  order  to  afford  opportunity 
for  intelligent  discussion.  On  motion  of  Mr.  Eldridge,  seconded  by 
Mr.  Grimshaw,  the  resolution  was  referred  to  the  joint  consideration 
of  the  Committee  on  Meetings  and  Publication,  with  the  request  that 
they  report  to  the  Institute  at  an  early  day,  some  feasible  plan  for 
accomplishing  the  object  named  in  the  resolution. 

The  Secretary  called  attention  of  the  meeting  to  the  recent  death  of 
Dr.  B.  Howard  Rand,  for  many  years  an  active  member  of,  and 
professor  in,  the  Institute,  and  moved  that  a  committee  be  appointed 
to  prepare  a  suitable  memorial.  The  motion  was  approved  without  a 
dissenting  voice,  and  the  President  appointed  Messrs.  Chas.  Bullock 
and  Dr.  Chas.  M.  Cresson  to  prepare  the  same. 

Adjourned.  William  H.  Wahl,  Seei'etary. 
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PORTABLE  ELECTRIC  TESTING  APPARATUS. 


By  C.  J.  H.  Woodbury,  of  Boston,  Mass. 

[Read  before  the  Franklin  Institute,  April  18, 1883.] 


The  use  of  electricity  for  lighting  purposes  has  introduced  a  new 
element  in  the  matter  of  testing  such  systems.  Hitherto  the  sole 
object  in  testing  telephone,  telegraph  and  other  signal  lines  was  con- 
fined to  purposes  connected  with  the  operation  or  repair  of  the 
apparatus. 

Electric  faults  in  the  telegraph  never  injured  person  or  property. 
Contact  with  telephone  lines  never  robbed  a  fire  department  of  its 
right  arm  by  destroying  the  fire  alarm  boxes.  There  is  no  instance  of 
these  weak  currents  ever  setting  fires  or  causing  severe  pei'sonal 
injuries  like  those  which  have  been  traced  to  electric  lighting  currents. 

The  difficulties  connected  with  the  introduction  of  theelectric  light  have 
been  inseparable  with  tlie  use  of  a  new  form  of  energy,  for  the  currents 
have  been  so  much  greater  than  those  hitherto  used  that  their  applica- 
tion was  virtually  a  new  science.  Twenty  years  after  illuminating 
gas  was  known,  the  architect  of  the  House  of  Commons  specified  that 
no  woodwork  should  approach  within  six  inches  of  a  gas  pipe. 

Whenever  an  electric  lighting  current  has  been  diverted  from  the 
system,  it  has  generally  given  unwelcome  evidence  of  its  energy.  Such 
occurrences,  considered  as  an  accidental  loss  of  energy,  are  comparable 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Ixxxv.)  26 
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to  the  bursting  of  a  boiler  or  the  yielding  of  a  dam  ;  but  there  is  no 
chance  of  such  extensive  injuries  to  life  and  property  from  any  mishaps 
resulting  from  the  use  of  electric-lighting  apparatus. 

Wherever  the  use  of  a  large  amount  of  power  is  involved,  the 
safety  is  dependent  upon  the  facility  with  which  the  whole  is  held 
under  control,  whether  it  be  the  head  of  water  against  the  water- 
wheel,  the  steam  in  the  boiler,  or  the  electricity  in  the  circuit.  The 
experience  with  the  electric  light  is  showing  that  these  currents  are 
more  easily  controlled  than  otiier  forms  of  energy,  as  far  as  any 
elements  of  danger  are  concerned. 

It  is  not  necessary  at  this  time  to  recount  any  of  the  fires  caused  by 
electric  lighting,  but  I  am  not  aware  of  a  single  fire  of  this  nature 
which,  in  the  light  of  present  knowledge  upon  the  subject,  is  not  to  be 
considered  as  a  preventable  fire.  With  proper  and  continual  attention 
to  insulation,  construction  of  lamps  and  of  switches,  and  in  the  incan- 
descent system  also  the  proper  size  of  conducting  wires  and  closed 
safety  catches,  there  can  be  so  little  opportunity  for  fire  from  electric 
lights  that,  under  these  conditions,  it  forms  the  safest  method  of 
illumination. 

Most  of  the  fires  and  other  difficulties  with  electric  lighting  appar- 
atus have  been  caused  by  the  diversion  of  the  current  from  the  system 
at  distant  points,  each  leading  to  the  earth,  and  very  few  accidents  due 
to  a  conductor  making  a  cross  between  two  adjacent  wires.  Two  con- 
tacts are  required  in  order  to  form  the  complete  circuit  necessary  to 
establish  an  electric  current.  If  a  single  conductor  leads  to  the  eartli, 
only  a  second  one  is  necessary  to  divert  a  portion  of  the  current  from 
the  system  to  the  earth,  the  relative  quantities  of  the  current  seeking 
the  two  paths  being  inversely  proportional  to  their  electrical  resistances 
of  the  conductors. 

Such  a  diversion  of  the  electricity  causes  first  the  commercial  loss  of 
electricity.  If  the  contacts  are  of  a  nature  to  diminish  the  resistance 
of  the  circuit,  then  there  is  great  liability  of  injury  to  the  armature  or 
commutator  in  most  dynamo  machines.  The  fires  have  been  produced 
where  the  electricity  met  with  a  conductor  of  sufficiently  high  resistance 
to  convert  the  electricity  into  heat  whose  temperature  is  high  enough 
to  burn  any  combustible  substance. 

The  instances  usually  occurred  on  a  circuit  where  one  ground  connec- 
tion already  existed,  and  a  stream  of  water  leaking  during  storms,  or 
from  washing  floors,  running  over  the  wires  and  to  the  earth  formed  a 
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-good  conductor,  which  was  soon  removed,  as  the  electricity  dissociated 
the  water,  and  then  an  arc  was  formed  as  the  current  strove  to  maintain 
itself.  Pure  rain  water  is  a  very  poor  conductor  of  electricity,  but, 
in  trickling  over  pla.ster  or  whitewash,  it  takes  enough  lime  or  salt 
into  solution  to  increase  its  conductivity  many  times.  In  some  in- 
stances, the  water  connected  two  wires  of  diffencnt  potential.  We  see 
the  same  action  when  the  current  is  let  on  an  arc-lighting  system. 
When  the  carbons  touch,  there  is  little  resistance,  and  would  be  no 
light  if  the  feeding  apparatus  Nvas  not  arranged  so  as  to  draw  the 
carbons  apart  and  thus  present  the  resistance  of  the  space  of  the  distance 
between  the  two  carbons. 

In  the  early  application  of  electric-lighting  apparatus,  ground  return 


circuits  were  used  as  in  other  electrical  circuits,  but  there  were  so 
many  difficulties  tiiat  it  wns  abandoned  and  metallic  cin.-uits  arc  now 
universally  used.  I  believe  Professor  Edwin  J.  Houston,  of  Phila- 
delphia, was  the  first  one  to  indicate  the  dangers  of  using  electric- 
lighting  circuits  with  ground  returns. 

If  an  electric-lighting  plant  is  well  constructed  and  installed  in  a 
proper  manner,  there  is  )io  certainty  that  it  will  remain  in  a  satisfactory 
•condition  on  account  of  the  numerous  changes,  blunders,  and  accidents 
to  which  it  is  subjectetl.  It  is  important  that  each  circuit  should  be 
provided  with  some  apparatus  for  the  ])urpose  of  making  frequent 
tests  of  the  insulation  of  the  whole  system.     The  most  precise  method 
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is  to  use  a  galvanometer,  with  a  rheostat  and  battery,  but  this  involves 
delicate  and  expensive  apparatus,  which  cannot  be  used  by  any  one 
except  an  electrician  ;  while  the  weight  and  bulk  of  galvanometer,, 
rheostat  and  ten  cells  of  battery  renders  it  impracticable  for  portable 
use. 

The  above  engraving  shows  a  portable  instrument  for  the  purpose  of 
electric  testing,  made  from  my  designs  by  Charles  Williams,  Jr.,  of 
Boston. 

It  consists  of  a  Siemens'  armature  in  the  field  of  a  battery  of  five 
permanent  magnets.  There  is  no  commutator  and  the  alternating 
current  passes  through  the  coils  of  a  polarized  electro  magnet  which 
vibrates  a  striker  between  two  gong  bells  whenever  the  circuit  is- 
electrically  complete. 

The  armature  is  revolved  from  a  driving-wheel  by  means  of  a 
quarter-turn  belt  which  passes  around  an  adjustable  guide-pulley,, 
whose  position  can  be  changed  so  as  to  give  any  desired  tension  to 
the  belt. 

At  the  end  of  the  case  are  two  reels,  each  of  which  contain  steel 
tapes  thirty  feet  in  length,  forming  flexible  conductors  which  are  pro- 
vided with  spring  clamps  at  their  ends. 

The  driving-wheel  and  the  reels  are  turned  by  means  of  a  crank 
which  fits  with  square  dowels,  like  a  clock  key,  and  when  not  in  use- 
is  held  by  a  spring  clip  as  shown  in  the  engraving. 

The  armature  is  wound  with  six  thousand  feet  of  No.  40  wire,  and 
measures  one  inch  in  diameter,  by  three  inches  in  length.  The  whole 
is  contained  in  a  hard  rubber  case,  an  inch  and  a  quarter  thick,  four 
inches  Avide,  and  eight  inches  long,  and  weighs  three  pounds. 

The  bell  will  ring  through  an  external  resistance  of  seven  thousand 
ohms,  when  the  crank  is  being  turned,  about  two  hundred  times  a 
minute.  When  the  crank  is  turned  more  rapidly,  the  bells  can  be 
made  to  ring  through  a  greater  resistance;  the  limit  being  about  ten 
thousand  ohms,  when  the  crank  is  revolved  as  rapidly  as  one  is  able 
to  turn. 

As  a  basis  of  comparison  between  the  limits  of  this  instrument  and 
.other  methods  commonly  used  in  testing,  I  made  some  experiments 
with  a  vibrating  bell  (called  a  jingler)  and  a  compass  galvanometer  of 
low  resistance. 

The  resistance  of  the  coils  on  the  electro-magnet  of  the  vibrating 
bell  was  two  ohms;  and  with  one  cell  of  Leclanche  battery,  the  bell 
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-^vould  ring  through  a  resistance  of  ten  ohms.  With  a  cell  of  bichro- 
mate of  potash  battery,  the  bell  would  ring  through  a  resistance  of 
twenty  ohms. 

The  compass  galvanometer  was  one  of  those  used  for  testing  circuits, 
the  resistance  of  the  coils  being  eighteen-hundredths  of  an  ohm.  The 
diameter  of  the  graduated  circle  around  the  needle  was  one  and  a 
(juarter  inches,  and  ten  degrees  was  about  the  smallest  deflection  which 
could  be  noted  under  ordinary  circumstjinces.  With  one  cell  of 
Leclanehe  battery,  the  needle  of  the  galvanometer  would  deflect  ten 
degrees  through  a  resistance  of  seventy  ohms.  With  a  cell  of  bichro- 
mate of  potash  battery,  it  would  make  a  similar  deflection  through  a 
resistance  of  one  hundred  ohms.  More  delicate  results  could  have 
been  obtained  with  galvanometers  of  higher  resistance,  but  care  was 
taken  to  use  the  exact  kind  of  galvanometer  made  and  sold  for  such 
purposes. 

In  comparison  with  this,  my  testing  magneto  will  operate  through 
a  resistance  three  hundred  and  fifty  times  as  great  as  the  vibrating 
bell  with  bichromate  of  potash  battery,  and  seventy  times  that  of  the 
compass  galvanometer  with  the  same  battery;  when  a  Leclanehe  cell 
is  used,  the  ratio  is  doubled. 

These  ([uantities  represent  the  relative  delicacy  of  operation  between 
the  vibrating  bell  and  the  portable  galvanometer  with  battery  as 
described,  and  my  testing  magneto,  which  requires  neither  battery 
nor  coils  of  conducting  wires,  being  complete  witiiin  itst>lf. 

One  of  the  armatures  was  providal  with  a  commutator,  and  the 
following  measurements  taken  with  the  resistance  of  the  armature 
amounting  to  four  hundred  ohms  as  the  only  resistance  in  the  circuit: 


Revolutions  of  crank  per  minute. 

Electro  motive  force  In  volts. 

Current  in  amperes. 

60 

2-00 

,•0050 

120 

3-96 

•0099 

180 

6-04 

•0151 

240 

7-96 

•0199 

The  whole  efficiency  of  the  testing  apparatus  depends  upon  its 
ability  to  detect  any  ground  which  coukl,  under  any  circum- 
stances,   become    an    element    of    dan<;er.      Tiie    resistance    of    the 
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arc-lighting  circuits  (cold)  is  very  variable,  owing  to  the  irregular 
resistance  between  the  tips  of  the  carbons. 

A  number  of  measurements  of  long  arc-lighting  circuits  show  that 
one  and  a  half  ohms  to  a  lamp  is  a  fair  estimate  for  the  external 
circuit,  as  the  connections  are  usually  made.  This,  on  a  fortv  light 
Brush  circuit,  would  be  sixty  ohms,  and  when  the  bell  of  the  testing 
magneto  can  ring  through  a  resistance  of  seven  thousand  ohms,  it  is 
able  to  indicate  a  possible  escape  of  six-sevenths  of  one  per  cent,  of 
the  current,  which,  in  the  Brush  system,  amounts  to  nine-hundredths 
of  an  ampere  or  about  four  and  half  times  tiie  quantity  generated  by 
the  testing  magneto,  an  amount  of  energy  to  small  to  cause  any  damage 
whatsoever. 

The  same  method  applied  to  other  circuits  show  still  smaller  results, 
as  the  resistance  of  a  Brush  forty-light  circuit  is  greater  than  that  of 
the  circuit  from  any  other  dynamo. 

With  the  low  resistances  used  in  incandescent  lighting  systems,  the 
limit  of  measurement  is  still  greater.  In  a  one  hundred  light  Edison 
incandesf'ent  pfant,  this  tester  would  detect  a  leakage  of  less  than  one 
twenty-fifth  of  one  per  cent,  of  the  current  used  in  the  whole  circuit, 
or,  in  this  instance,  it  would  show  a  leakage  of  one  twenty-fifth  of  the 
current  required  for  a  single  sixteen  candle-power  Edison  lamp,  which, 
would  amount  to  twice  the  amount  of  current  generated  by  the  testing 
magneto. 

The  method  of  using  the  instrument  to  test  for  ground  connections 
is  to  fasten  one  of  the  spring  clamps  to  a  conductor  leading  to  the 
earth,  such  as  the  stop-cock  to  a  gas  pipe,  or  preferably  to  a  water 
pipe,  and  the  other  spring  clamp  to  the  lighting  system.  When  resis- 
tance of  the  insulation  betw^een  the  system  and  the  earth  is  less  than 
seven  thousand  ohms,  the  bells  will  ring. 

If  the  crank  is  turned  slowly,  the  bells  will  ring  only  through  less 
resistances,  and  by  standardizing  these  testing  magnetos  by  measuring 
the  limits  at  various  speeds  by  means  of  a  rheostat,  they  can  be  used 
to  approximately  measure  resistances  by  counting  the  speed  of  the 
crank  necessary  to  ring  the  bells. 

For  testing  the  insulation  of  arc  lamps,  if  one  clamp  is  attached 
to  one  of  the  binding  posts  of  the  lamp,  and  the  other  clamp  placed  in 
contact  with  the  various  parts  of  the  frame  while  the  armature  is 
revolving,  the  ringing  of  the  bells  will  indicate  im|)erfect  insulation. 

Whenever  it  is  desired  to  test  incandescent  systems  for  crosses,  this 
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apparatus  can  be  used  for  the  purpose  by  discouuecting  one  of  the 
main  conductors  from  the  dynamo  and  turning  every  lamp  switch  on 
the  circuit ;  if  the  lamp  sockets  are  not  provided  with  independent 
switches,  then  such  lamps  must  be  removed.  Care  must  be  taken  that 
the  resistance  box  does  not  close  the  circuit.  Then  attach  one  of  the 
spring  clamps  of  the  testing  magneto  to  each  main  conductor,  and  a 
ring  will  detect  the  presence  of  a  cross  conductor.  ]5y  switching  off 
the  various  branches  and  testing  in  sections,  any  fault  can  be  located 
to  that  single  branch,  and  the  safety  boxes  furnish  a  means  for  further 
divisions  of  the  circuit. 

This  apparatus  requires  no  electrical  skill  for  its  use,  is  not  affected 
by  time  or  temperature,  and  can  be  used  in  any  position.  They  have 
stood  the  test  of  over  a  year's  constant  use,  without  accident  or 
deterioration  of  any  nature. 


NOTE  RELATING  TO  A  PECULIARITY  DISTINGUISH- 
ING  ANNEALED  FROM  UNANNEALED  IRON.* 


Bv  PiioF.   R.  H.  Thurston. 


The  writer  lias  had  occasion,  recently,  to  study  the  effect  of  pro- 
longed stress  upon  the  various  materials  in  common  use  in  the  arts, 
and,  among  others,  upon  the  finer  qualities  of  iron.  The  well-knoAvn 
experiment  of  Yicat,  made  half  a  century  ago,  had  never,  so  far  as  the 
writer  was  aware,  been  repeated.  The  extreme  im[)ortance  of  the 
results  obtained  by  him  had,  apparently,  not  been  realized  by  either 
physicists  or  engineers,  and  it  seemed  advisable  that  the  experiment 
be  repejited,  and  should  the  results  obtained  bv  Vicat  be  again  reached, 
that  the  attention  of  both  scientific  and  ])ractical  men  sliould  be  again 
called  to  the  subject.  The  rej)etiti()n  of  Vicat's  exj)eriment  has  not 
only  confirmtnl  his  conclusion,  but  has  led  to  the  discovery  of  a  new 
and  important,  as  well  as  peculiarly  interesting,  difference  in  tiie  effect 
of  prolong(!(l  stress  uj)On  annealed  and  unannealed  iron. 

In  the  aiitunm  of  the  year  1881,  the  writer  procured  two  lots  of  the 
best  Swedish  iron  wire  from  Mr,  Wm.  Hewitt,  Vice  President  of  the 
Trenton  Iron  and  Steel  Works,  who  very  kindly  had  the  wire  drawn 
for  the  purpose.     This  wire  was  divided  into  two  parts,  one  being 

*  From  advance  sheets  of  Science. 
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carefully  annealed,  the  other  being  left  hard-drawn  as  it  came  from 
the  blocks.  These  were  tested  in  the  usual  way  and  it  Avas  found 
that  the  hard  wire  had  about  double  the  strength  of  the  soft.  Nine 
pieces  w^ere  taken  from  each  reel  for  test  under  prolonged  static  stress 
and  were  suspended  from  hooks,  in  the  study  of  the  writer,  attached  to 
springs  in  order  that  the  effect  of  jar  should  not  enter  into  the  experi- 
ment. 

They  were  then  loaded  with  respectively,  in  each  set,  95,  90,  85,  80, 
75,  70,  65,  60,  55  per  cent,  of  the  average  ultimate  strength,  as  already 
determined.  This  was  done  in  November,  1881.  Since  that  date, 
a  number  have  broken,  as  follows : 

Effect  of  Prolonged  Stress. — Swedish  Iron    Wire. 


Per  cent.  max. 
static  load. 


95. 
90. 
85. 


Time  under  stress. 


Hard  wire  (unannealed). 


80  days 

35    "    

17  months,  unbroken . 


80 '91  days 

j 

75 Unbroken. 

70 

65 

60 

55 


Soft  (annealed). 


8  minutes. 
5  minutes. 
1  day. 
266  days. 
17  days. 
•155  days. 
455  days. 
Unbroken. 


Thus,  wire  loaded  with  but  60  per  cent,  of  the  breaking  load,  as 
usually  determined,  broke  after  being  subjected  to  stress  for  a  period 
of  fifteen  months  when  annealed ;  while  hard  wire  carrying  85  per 
cent,  of  the  maximum  temporary  load  remains  unbroken  after  seven- 
teen months.  It  is  seen  that  these  results  are  the  same  in  kind  as 
those  obtained  by  Vicat,  and  confirm  the  conclusion  that  heavily 
loaded  iron,  as  well  as  other  metals  and  the  woods,  are  likely  to  yield 
ultimately  under  loads  that  are  sustained  for  short  periods  of  time 
without  apparent  injury.  This  fact  has  been  amply  proven  by  earlier 
investigators,    as    well    as   by  the   writer;    but  the   difference,  above 
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observed,  between  hard  and  soft  iron  has,  so  far  as  the  writer  has  been 
able  to  learn,  never,  until  now,  been  discovered. 

Although  the  experiments,  of  which  this  is  the  first,  are  not  yet  con- 
cluded, this  discovery,  if  such  it  prove,  has  seemed  to  be  of  sufficient 
importance  to  justify  this  note. 


AN  EXTENSION  OF  THE  THEOREM  OF  THE  YIRIAL 

AND   ITS   APPLICATION   TO   THE   KINETIC 

THEORY  OF  GASES. 


By  H,  T.  Eddy,  C.  E.,  Pii.  D.,  l^niversity  of  Cincinnati. 


(Concluded  from  page  348.) 

4.  Relation  of  the  Molecular  Force.s  to  Temperature,  Vol- 
ume AND  Pressure.  Expression  for  Work  done,  and  the 
Second  Law  of  Thermo-Dynamics. 

The  first  member  of  (13)  is  the  mean  energy  of  the  progressive 
molecular  motion  of  a  unit  of  gas ;  and  since  heat  is  known  to  be 
•energy,  this  energy  is  assumed  to  be  part  of  the  sensible  heat  existing 
in  the  gas — the  total  sensible  heat  being  the  total  kinetic  energy,  pro- 
gressive and  rotary  and  vibratory,  existing  in  the  gas. 

Let  k  be  the  specific  heat  of  the  gas  at  constant  volume  measured  in 
mechanical  units,  and  let  r  be  the  absolute  temperature;  i.  e.,  the  zero 
of  temperature  is  a  state  devoid  of  kinetic  energy ;  then  the  statement 
just  made  is  expressed  by  the  equation 

i  2\-  m  (x'2  +  y"  +  z")  =  akT,  (26) 

in  which  a  denotes  what  fraction  of  the  total  heat-energy,  kr,  con- 
tained in  the  gas,  exists  in  it  in  the  form  of  progressive  molecular 
motion.  It  seems  to  be  pretty  well  established  by  experiment  that  a 
is  very  nearly,  if  not  quite,  constant  for  permanent  gases;  and  by  per- 
manent gases  is  meant  any  gas  or  vapor  above  the  critical  temj)crature 
above  which  it  is  uncondensable  by  pressure  alone.  This  definition  of 
permanent  ga.ses  includes  of  course  imperfect  gases  having  intermo- 
lecular  attractions  of  .sensible  magnitude. 
From  (2G)  and  (13) 

akT='^pv  +  11'  rR  (27) 

When  the  last  term  of  (27),  which  is  dependent  upon  the  intermo- 
lecular  attractions,  is  so  small  that  it  can  be  neglected,  this  equation 
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expresses  the  empirical  law  of  Gay  Lussac  for  the  so-called  perfect 
gases,  and  it  also  includes  Boyle's  law. 

But,  in  order  to  treat  permanent  gases,  these  attractions  must  not  be 
disregarded.  Retaining,  then,  all  the  terms,  let  a  variation  of  state  of 
the  gas  occur ,  the  relation  between  the  variations  in  any  change  of 
state  of  the  gas  will  be  expressed  by  the  equation 

akdT  =  i{pdv  +  vdp)  -^^  l'{Rdr  -^rclR),  (28) 

which  admits  of  sevend  comparisons  with  experimental  results,  which 
are  of  considerable  importance  in  enabling  us  to  correctly  estimate  the 
effect  of  the  intermolecular  attractions.  These  comparisons  will  be 
made  later  in  the  paper. 

While  speaking  of  their  attractions,  it  should  be  remarked  that  were 
it  possible  to  actually  remove  all  attractions  between  molecules  which 
themselves  occupy  an  appreciable  fraction  of  the  total  space  in  which 
they  move,  the  effect  of  their  mutual  encounters  could  be  considered 
to  be  that  of  a  feeble  repulsion,  for  tl  eir  centres  cannot  approach 
within  a  certain  small  distance  of  each  other  without  experiencing  an, 
insuperable  repulsion ;  but  this  effect  is  better  taken  into  account  by 
regarding  the  volume  v  not  as  that  of  the  total  space  occupied  by  the 
gas,  but  as  the  free  space  remaining  after  deducting  that  actually  occu- 
pied by  the  molecules  themselves.  The  space  so  occupied  may  be 
taken  to  be  approximately  that  of  the  gas  when  condensed  to  the 
liquid  state.  Our  formulae  may  then  be  all  rendered  more  exact  by 
defining  v  to  be  this  free  space. 

To  obtain  the  work  done  during  the  expansion  of  a  gas,  divide  (27) 
by  f  V  and  multiply  by  dv. 

.-.pdv  +  ilrR—  =%akT  —.  (29) 

V  V 

But  V  varies  as  r^, 

/   3       .    dv         3dr  /Qn\> 

V  r 

Substitute  in  the  second  term  of  (29) 

.-.  p  d  V  +  IBdr  =  ?^akT  ^.  (31) 

V 

The  first  member  of  this  imporlant  equation,  which  is  due  to 
Clausius,*  expresses  work  done,  the  first  term  being  that  done  against 

*PM.  Mag.,  H.  4,  vol.  50,  p.  195,  1875. 
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external  forces,  and  the  second  term  that  done  against  tlie  intermole- 
cular  attractions. 

If  the  increment  of  the  total  work  done  be  denoted  by  cbv,  and  if^ 
for  compactness,  we  ])ut  d  v  -^  v  =  d  log.  v,  (29)  becomes 

div  =  ^  akr  d  log.  v.  (32) 

If  the  increment  of  the  total  energy  in  all  forms  snpplied  to  ehange- 
the  volume  and  temperature  of  the  gas  be  d  h,  tlien 

dh  =  kd-  -^  die  (33) 

Now  substitute  the  vahic  of  d  v-  from  (32) 

.-.  (/  /(  =  A-  c/  r  +  I  a  h  z  d  log.  v  (34) 

Divide  (34)  by  r,  etc. 

.-.    ^  =  ^-r/Clog.r  +  lalog.r],  (35) 

from  Avhich  it  appears  that  the  first  member  of  (35)  is  a  perfect  differ- 
ential ;  hence  the  second  member  is.  But  this  is,  as  is  Avell  known, 
the  fundamental  equation  of  the  second  law  of  thermo-dynamics.  It 
is  to  be  remarked  that  it  has  been  here  assumed  that  a  and  k  are  con- 
stants, which  they  undoubtedly  are  very  nearly,  if  not  exactly,  as  will 
be  shown  later, 

5.  Experimental  Verifications  and  Comparisons. 

The  equations  (28),  (31),  etc.,  respecting  the  variations  of  tempera- 
ture, volume  and  pressure  of  a  ])ermanent  gas,  are  general,  and,  as  a 
particuhir  case,  we  shall  first  consider  the  experiments  of  Thompson 
and  Joule*  in  causing  air  and  other  gases  to  expand  freely  in  jKissing^ 
through  a  porous  l>lug.  In  these  experiments  the  variation  of  tem- 
perature is  very  slight,  and  the  gases  obey  so  nearly  the  law  of  Boyle,, 
that  we  are  at  liberty  to  assume  in  (28),  d  {p  v)  =^  p  d  v  -\-  v  d  p  =:  0. 

Hence  (28)  becomes 

a  kdz=  I  1'  {R  dr  -\-  r  d  E)  (36) 

In  some  of  these  experiments  the  gas,  in  passing  the  plug,  expanded 
to  more  than  four  times  its  initial  volume,  so  d  r,  the  increment  of  the 
mean  distance  r  of  the  molecules,  n)ust  have  been  a  considerable  frac- 
tion of  /•.     The  terms  in  li  d  r  must  be  positive  if  the  forces  are  attrac- 


*  P?dl.  Trans.  Lond.  H.'Soc,  1853,  1854,  1862;  or 
Wiillner^H  Experimentalphysik,  3te  Aufl.  Bd.  3,  S.  463. 


412  Kinetic  Theory  of  Gases.  [Jour.  Frank.  Inst., 

tive,  and  express  the  work  performed  in  moving  the  molecules  througli 
the  distance  d  r  from  each  other  against  the  attraction  It.  According 
to  (36),  if  these  were  the  only  terms  in  the  last  member,  or  the  larger 
•ones,  the  temperature,  i.  e.,  the  kinetic  energy,  would  be  increased  by 
passing  through  the  plug,  a  result  which  would  be  in  palpable  contra- 
diction to  the  principle  of  the  conservation  of  energy ;  for  R  d  r,  the 
"work  done,  must  have  been  extracted  from  the  internal  energy  of  the 
gas,  which  would  cause  a  decrease  rather  than  an  increase  of  tempera- 
ture. The  experiments  gave  a  slight  decrease  of  temperature,  which 
shows  tliat  the  terms  in  7'  d  M  are,  in  this  case,  negative,  and  numeri- 
cally larger  than  those  in  Rdr. 

Let  us  examine  this  point  more  at  length.  Since  there  was  almost 
no  variation  of  temperatue,  R  may,  in  this  case,  be  taken  to  be  a  func- 
tion of  r  expressed  by  the  equation  R  =fr~\  in  which /is  a  numeri- 
cal coefficient  and  i  is  a  number  for  which  various  values  (all  greater 
than  unity)  have  been  proposed  by  different  physicists  in  order  to  rep- 
Tesent  the  actual  attraction,  more  or  less  approximately,  by  the  pro- 
jposed  equation. 

If  B=fr-\ 

then  Rdr  =  f  r~'  d r, 

and  r  d  R  =  —  i/r~'  d  r, 

r  d  R  =  —  i  Rdr, 


I. 


(37) 


from  which  it  appears  that  the  terms  in  r  d,  R  are,  on  this  supposition, 
-of  opposite  sign  from  those  in  Rdr  and  i  times  as   large ;  and  (36) 

becomes 

akdT  =  \f{l—i)Ir-'dr,  (38) 

in  which  the  second  member  is  negative  if  (1  —  i)  is  so,  a  result  which 
is,  as  already  stated,  in  agreement  with  experiment. 

Far  more  decisive  are  the  experiments  of  Andrews*  upon  the  beha- 
vior of  carbonic  acid  gas  above  the  critical  temperature.  In  these 
experiments  the  pressures  were  carried  to  more  than  100  atmospheres, 
at  different  constant  temperatures,  in  which  case  (28)  becomes 

—  d{pv)  =  ^I{Rdr  +  rdR).  (39) 

By  (37)  this  may  be  written 

—d{^v)  =  If  (1  —  i)  1'  r-'  d  r.  (40) 

*  Phil.  Trans.  Lond.  B.  Soc,  1869,  p.  575  ;  or 
Wullner^s  Experirnentalphysik,  Bd.  3,  S.  680. 
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The  following  are  the  numerical  results  obtained  at  the  temperature 
of  48-1  °C.,  in  which/)  is  given  in  atmospheres,  and  the  volume,  v,  of 
the  gas,  at  one  atmosphere,  is  taken  as  1000 : 


p 

62-60 

V 

11-57 

pv 
724-28 

68-46 

10-06 

688-70 

75-58 

8-49 

641-67 

84-35 

6-81 

564-42 

95-19 

5-04 

479-55 

109-40 

3-35 

366-40 

In  treating  this  experiment  as  a  compression,  d  r  is  negative,  and' 
both  members  of  (39)  are  then  positive,  while  r  d  R  is  shown  by  the- 
numerical  results  to  be  much  larger  than  R  d  r,  and  of  opposite  sign- 
Other  results  at  temperatures  nearer  the  critical  temperature  of  31  °C.. 
are  perhaps  more  striking  than  that  just  quoted. 

The  experiments  of  Andrews,  as  well  as  those  of  Regnault  and 
other  physicists,  have  shown  conclusively  that,  according  as  the  temper- 
ature of  an  imperfect  gas  is  augmented,  it  becomes  more  and  more 
nearly  perfect ;  i.  e.,  it  approaches  more  nearly  to  the  state  iia  which 
there  are  no  intermolecular  forces.  Hence,  R  is  also  a  function  of  r,. 
and  such  an  one  that  d  R  is  negative  when  dz  is  positive  ;  from  which 
it  appears  that  in  (28)  the  terms  ini'  d  R  are  in  all  cases  of  diifei-ent  sign 
from  those  in  R  d  r.  In  fact,  if  the  volume  remains  constant,  the 
terms  in  Rdr  vanish,  because  cZ  r  =  0  by  (30). 

Hence,  combining  this  result  with  that  previously  arrived  at,  we 
see,  if  temperature  and  pressure  be  taken  as  the  independent  variables, 
that  since  —  d  (r  R)  is  negative  for  increments  of  each  of  these  vari- 
ables separately,  it  is  so  for  both  together,  and  hence  is  so  always. 

As  another  interesting  example  of  the  comparison  of  (28)  with 
experimental  results,  let  us  consider  Berthelot's*  principle  of  the  max- 
imum work  (i.  e.,  maximum  heat)  of  chemical  decomposition,  Avhich 
states  that  every  chemical  change  accomj>lished  without  the  interven- 
tion of  energy  from  without,  tends  to  the  production  of  the  body,  or 
system  of  bodies,  which  sets  free  the  most  heat. 

This  is  announced  as  a  law  of  nature,  the  proof  of  which  is  to  be 
found  in  a  vast  array  of  experimental  evidence.  It  is  evidently  a  law 
of  fundamental   importance  to  the  theory  of  chemistry  ;  and  it  seems- 

*  Easai  de  Mechanique  Chimique,  1879,  t.  2,  p.  421. 
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to  depend  theoretically  upon  the  mechanical  principles  involved  in 
(28),  for  at  the  instant  of  chemical  decomposition  the  atoms  must  be 
regarded  as  separate  bodies  obeying  the  laws  of  stationary  motion. 

In  order  to  introduce  the  condition  of  no  exchange  of  energy  with 
external  bodies, 
Let  d  V  =  0,   .' .  p  d  V  =  0  ; 

i.  e.,  there  is  no  work  done  against  external  pressure,  and  ifvdj)  be 
small  enough  to  be  neglected,  then  (36)  may  be  applied  to  this  case. 
It  appears,  however,  that  the  ordinary  conditions  of  experiment  from 
which  the  law  was  deduced  would  be  better  represented  by  supposing 
the  pressure  constant ; 

i.  e.,  dj)  =  0,  :.v  dp  ^=  0, 
in  which  case  p  dv,  the  external  work,  is,  as  appears  from  experimen- 
tal evidence,  in  general  so  inconsiderable  as  not  to  affect  the  correctness 
of  the  result,  so  that  (36)  may  be  considered,  in  this  case  also,' to 
express  approximately  the  mechanical  relations  involved.  Consider- 
ing now  tbe  case  of  dv  =  0,  the  terms  in  (36)  in  JR,  d  7'  are  inconsider- 
able, since  the  meali  distance  cannot  be  greatly  changed  while  the 
total  volume  remains  constant.  But  the  terms  in  r  d  R  depend  prin- 
cipally upon  the  increase  dR;  i.  e.,  of  the  attraction  between  the 
atoms  in  the  final  chemical  combination  over  that  in  the  initial.  If 
the  atoms  in  the  final  arrangement  obey  the  greater  attractions,  then 
r  d  R\s  positive.  But  r  d  R\s,  numerically  greater  than  R  dr;  hence 
by  (36)  heat  is  liberated,  and  the  temperature  is  augmented.^  Hence, 
Berthelot's  principle — that  of  several  possible  chemical  decompositions 
in  an  isolated  body,  that  one  will  occur  which  sets  free  the  largest 
quantity  of  heat — follows  as  a  direct  consequence  of  the  axiomatic 
truth,  that  the  atoms  will  obey  the  more  powerful  attractions,  which 
will  necessarily  determine  the  rearrangement  of  the  atoms  into  mole- 
cules. 

As  further  examj)les  of  the  application  of  our  formulae,  it  may  be 
noticed  that  (38)  can  be  employed  to  discuss  the  stationary  motion  of 
other  systems  besides  that  of  the  molecules  of  a  gas,  such  as  orbital 
and  central  motions,  in  which  we  have  p  =  0,    .*.  d  (p  v)  =  0. 

Let  e  be  the  mean  progressive  energy  of  the  system,  then  (38) 

becomes 

de  =  y{l  —  i)Ir-'dr.  (41) 

'The  only  work  done  in  changing  the  mean  distances  is 

dw=  IRdr=fIr-'dr.  (42) 
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And  the  total  energy  supplied  to  the  system  is 

dh  =  de-\-dw  =  y{'d  —  i)Ir-'dr,  (43) 

from  whicli  it  is  seen  that 

de  =  l{l  —  i)dw,         dh  =  ^{S  —  i)  d  w.  (44) 

Take  the  case  of  the  solar  system  in  which  i  =  2,  then  by  (44) 
de  =  —  ^  dw,  dh  ^=^^dw. 
The  first  of  these  equations  states  that  if  the  mean  distances  of  the 
bodies  of  the  system  are  slightly  augmented,  then  the  mean  kinetic 
■energy  of  the  system  in  this  new  state  of  stable  motion  is  less  than  it 
was  befo)  e  by  one-half  of  the  work  expended  in  moving  the  bodies  to 
their  new  positions  against  their  mutual  attractions.  The  second  equa- 
tion states  that  the  total  energy  which  must  be  supplied  is  only  half 
the  Avork  expended,  the  other  half  being  derived  from  the  decrement 
of  the  kinetic  energy  just  mentioned. 

Next  take  the  case  of  an  elastic  system  in  vibration,  in  which  /  = 
—  1,  then  by  (44) 

d  e  :^  d  w,         d  h  ^=  2  d  w. 

These  equations  state  the  well-known  fact  that  in  this  case  the  kinetic 
and  potential  energies  are  equally  increased. 

It  is  to  be  noticed  that  when  i  =  3  no  energy  need  be  supplied  to 
the  system  to  augment  the  mean  distances,  and  when  i  is  greater  than 
•3  energ)'  must  be  supplied  to  decrease  the  mean  distances, — a  remark- 
able fact  to  be  considered  in  connection  with  the  value  i  =  5,  which 
was  propased  by  Maxwell.* 

6.  Ratio  of  the  Specific  Heats  of  Permanent  Gases. 

Let  X  k  be  the  specific  heat  at  constiint  pressure,  and  k  that  at  con- 
stant volume  expressed  in  mechanical  units;  then  their  ratio  x  is  the 
•quantity  in  question,  which  has  been  determined  experimentally  for  a 
number  of  gases  with  considerable  accuracy.  Its  approxiinate  theo- 
retical value  can  be  found  as  follows  : 

If  (33)  and  (28)  be  applied  to  this  special  case,  in  which  dp  =  0, 
we  have,  by  definition  of  x  k,  d  h  =  x  k  d  r. 
Also, 

dw=p  d  V  -f  2'  R  d  r,  (45) 

in  which  p  dv  is  the  external  work  done,  and  the  last  term  is  the 
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work  done  against  interniolecular  attractions.  It  Avill  be  noticed  that 
there  is  no  term  in  d  w,  as  given,  representing  the  work  expended 
against  interatomic  forces.  Were  such  a  term  needed,  it  would  be- 
also  of  the  form  S  Rdr,  but  its  value  is  zero ;  for,  suppose  a  mole- 
cule to  consist  of  atoms  held  by  elastic  forces  at  certain  mean  dis- 
tances, then  these  mean  distances  are  not  essentially  changed  by  atomic- 
vibration  which  alternately  increase  and  decrease  those  distances,  i.  e.y. 
dr  =  o  for  each  molecule.  The  periodicity  of  the  lines  in  gaseous 
spectra  observed  by  Stoney  and  Reynolds*  shows  pretty  conclusively 
that  the  interatomic  forces  are  of  this  character. 
Hence,  by  (28), 

dw  =  iakdT-^iI{2Edr  —  rdE).  (46) 

Now  let 

IRdr  =  ^kdT,  (47> 

in  which  /9  is  an  extremely  small  positive  numerical  coefficient  (which; 
is  zero  for  perfect  gases),  expressing  what  fraction  the  work  performed 
against  the  intermolecular  attractions  is  of  the  total  increment  of  the 
kinetic  energy.  Then,  by  (37)  we  have  the  following  approximate- 
value  of  the  last  term  of  (46), 

}y{2Rdr  —  rdR)  =  i{2^i)^]cdT.  (48) 

Substitute  the  values  just  given  for  the  various  terms  of  (33),  and 
divide  hy  k  dz,  and  we  obtain 

x=l+ta  +  i(2  +  i)/5,  (49> 

in  which  the  value  of  a  requires  more  extended  consideration.  Let  b 
denote  what  fraction  the  increment  of  the  mean  rotary  energy  is  of 
total  increment  k  d  r  of  the  kinetic  energy,  and  let  y  denote  what 
fraction  the  vibratory  energy,  kinetic  and  potential,  of  the  atoms 
within  the  molecule  is  of  the  same  quantity. 

Since  these  together  constitute  the  total  increment  of  the  kinetic 

energy,  we  have 

a  +  6-|-^=l.  (50) 

But,  in  the  general  case,  in  which  the  molecules  consist  of  more  than 
two  atoms,  we  have,  by  (13)  and  (23), 

akdT  =  bkdT-^^Id{rE),  (51) 

but  by  (37)  and  (47)  this  becomes  (after  dividing  by  kdr), 

a=6  +  i(l— *)i3.  (52) 


*  Philos.  Mag.,  S.  4,  vol.  42,  p.  41,  1871. 
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Add  (50)  and  (52) 

...    2«  =  1— r+Hi  — 0/5-  (53) 

Substitute  this  value  of  a  in  (49) 

.-.   ''  =  i-Jr  +  M5  +  0A  (54) 

from  which  it  appears,  that  when  the  vibratory  energy  is  considerable, 
it  will  have  an  important  influence  in  diminishing  >.,  while  the  inter- 
molecular  attractions  may  exert  some  slight  influence  to  increase  x. 

The  experimental  values  of  x,  as  given  by  Meyer,*  lie  between  1*33 
and  1*25.  If  we  disregard  the  terms  in  y9,  the  corresponding  values 
of  X  ^re  0  and  \.  The  larger  values  of  y  belong,  in  general,  to  the 
more  complex  molecules,  and  we  seem  here  to  have  an  experimental 
measure  of  the  amount  of  the  mean  vibratory  energy,  kinetic  and 
potential.     If  ^5  is  large  in  these  gases,  then  y  is  thereby  increased. 

In  the  case,  however,  in  which  the  molecules  consist  of  but  two 
atoms  each,  we  have  by  (25)  the  following  equation  instead  of  (52) : 

ta  =  6  +  Hl— OA  (55) 

which  combined  with  (50)  and  (49)  gives 

^  =  i-ir  +  K^  +  ^l^•  (56) 

In  this  equation  it  is  seen  that  fi  has  a  somewhat  greater  influence 
than  it  had  in  (54),  while  y  has  probably  a  much  less  influence ;  there 
being  but  one  pair  of  atoms  to  vibrate  instead  of  three  or  more  pairs, 
as  in  the  previous  case,  the  value  of  y  itself  would,  in  general,  be  much 
smaller  than  before. 

The  most  probable  experimental  values  of  x  for  H^,  0<^,  iVg?  ^^y 
NO,  HCl,  and  air  all  lie  between  1*41  and  1*39,  that  for  air  having 
been  many  times  determined  by  the  ablest  experimental  physicists. 
The  mean  value  of  x  for  air,  from  many  accordant  determinations,  is 
1*405,  while  the  value  derived  from  Regnault's  most  accurate  measure- 
ment of  the  velocity  of  sound  is  1".">945,  which  numbers  are  taken 
from  Wi\llner,t  who  gives  an  extended  account  and  comparison  of 
these  determinations. 

In  the  case  in  which  the  molecules  consist  of  a  single  atom  each,  we 

have 

b=0,.-.a=\-y  (67) 

*Kinetische  Theorie  der  Gase,  1876,  S.  91. 
t  Experinu'iitalpliysik,  1875,  lid.  8,  S.  4G1. 
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in  which  case  (49)  becomes 

'<  =  |-tr  +  i(2  +  ^■)/5.  (58) 

The  v^apor  of  mercury  is  perhaps  the  only  gas  regarded  by  chemists 
as  consisting  of  molecules  of  a  single  atom  each,  and  for  this  gas, 
Kundt  and  Warburg*  found  x  =  1*67.  The  value  of  x  could  also 
have  been  discussed  by  application  of  Clausius'  equation  (34)  to  the 
case  of  expansion  at  constant  pressure,  and  results  could  thus  have 
been  obtained  similar  to  those  already  found. 

7.  (Concluding  Remarks  Concerning  the  Constitution  of 

Gases. 

The  results  which  have  been  arrived  at  seem  so  to  harmonize 
known  facts  respecting  gases  as  to  lend  probability  to  the  following 
statements : 

(1.)  Atoms  have  size  and  are  smooth  spheres — i.e.,  are  centres  of 
force  repulsive  at  very  minute  distances,  and  attractive  at  somewhat 
larger  distances. 

(2.)  Molecules  are  systems  of  atoms  held  together  by  the  atomic 
attractions  and  repulsions  in  which  the  mean  distances  of  the  atoms 
are  not  essentially  changed  by  temperature  or  pressure,  and  probably 
not  by  liquefaction  or  solidification. 

(3.)  The  mean  rotary  energy  of  the  molecules  is  very  nearly  equal, 
in  general,  to  their  mean  progressive  energy ;  but  is  only  two-thirds  as 
much  for  diatomic  molecules,  and  is  zero  for  monatomic  molecules. 

(4.)  The  vibratory  energy  of  the  atoms  within  the  molecules  may  be 
a  considerable  fraction  (as  much  as  one-fourth  in  the  case  of  very  com- 
plex molecules)  of  the  total  kinetic  energy,  and  this  vibratory  energy 
should  be  regarded  as  wholly  kinetic. 

It  has  been  thought  improbable  that  the  comparatively  moderate 
progressive  velocities  of  the  molecules  should  originate  the  radiations 
of  heat  and  light  emitted  by  a  gas,  and  hence  that  the  atomic  vibra- 
tion.s^  which  must  be  much  more  rapid,  should  be  regarded  as  their 
mechanical  cause.  It  has  been  then  said  that  the  energy  of  the  vibra- 
tory motion  .set  up  within  a  molecule  by  an  encounter  must  be  rapidly 
expended  in  emitting  radiations.  Such,  however,  does  not  appear  to  be 
the  fact,  for  in  case  radiations  arc  caused  by  vibrations,  then  vibrations 
would  apparently  be  caused  as  well  by  radiations  from  other  bodies ; 


*Pogg.  Ann.,  ]87(j,  Bd.,  157,  S.  353.  , 
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so  that  a  gas  in  equilibrium  would  thus  receive  the  same  amount  of 
^'ibratorv  energ\'  from  without  in  the  form  of  radiations  as  it  loses. 
The  vibi'atiojQ  may,  however,  not  be  of  uuiform  character  during  the 
interval  between  one  molecular  encounter  and  the  next ;  it  may  take 
on  a  raoi'e  regularly  harmonic  character  as  this  interval  elapses,  and 
the  energy  of  the  irregular  vibrations,  or  high  harmonics,  set  up  by 
the  shook  of  the  encounter  may  become  transformed  by  the  elastic 
forces  into  vibrations  of  less  period,  so  that  in  a  very  rare  gas,  in 
Avhich  the  encounters  are  comparatively  infrequent,  almost  no  vibra- 
tions, except  thase  of  an  harmonic  character,  may  be  distinguishable. 

At  the  same  time,  tliat  part  of  the  kinetic  energy  of  the  gas  which 
is  vibratory  (the  relative  amount  of  Avhich  is  evidently  controlled  by 
fortuitous  molecular  encounters)  probably  suffers  no  change  by  the 
frequency  or  lack  of  frequency  of  molecular  encountei"S,  in  case  any 
-small  amount  of  dissociation  present  may  be  disregarded.  These  con- 
siderations go  to  sliow  that  the  fractions  a,  b  and  y,  which  have  been 
used,  are  of  constant  value,  and  that  k  must  be  so  also, 

Watson*  in  his  treatise  has  investigated  the  ratio  of  the  specific 
-heats  of  a  gas  by  the  aid  of  generalized  co-ordinates,  expressing  the 
number  of  degrees  of  freedom  of  the  system  of  atoms  in  a  molecule, 
and,  though  the  investigation  is  one  of  great  merit,  it  seems  to  me 
unsuited,  in  one  particular,  to  the  system  treated ;  for  it  presupposes, 
as  I  understand  it,  rigid  connections  between  the  members  of  the  system. 
Since  an  ela.stic  connection  is  neither  a  degree  of  perfect  freedom,  nor 
of  perfect  constraint,  but  something  intermediate,  there  is  no  integral 
number  of  degrees  of  freedom  in  the  system.  If  molecules  were  rigid 
bodies,  such  systems  would  possess  in  general  six  degrees  of  freedom, 
-and  thus  would  liave  six  generalized  co-ordinates,  which  might  be 
taken  as  three  rectangular  and  three  angular  co-ordinates,  j^^uch  as  have 
been  employed  in  this  paper.  When,  however,  the  molecules  are 
smooth  solids  of  revolution,  the  number  of  co-ordinates  would  be 
reduced  to  five,  and,  in  case  of  smooth  spheres,  to  three. 

Now,  if  these  are  degrees  of  perfect  freedom,  it  seems  demonstrable 
that  the  kinetic  energy  which  is  distributed  among  them  bv  fortuitous 
encounters  would  be  efiuaily  shared  by  tlieni — i.e.,  the  energy  with 
respect  to  each  co-ordinate  would  be  of  the  same  amount,  a  result 
which  agrees  with  what  has  already  been  j)r()ved  for  j)erfect  ga.ses. 
jBut  in  case  partial  constraints,  not  amounting  to  the   loss  of  entire 

*  Kinetic  Theory  of  Gases,  1876,  p.  38. 
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degrees  of  freedom,  are  introduced  with  respect  to  any  of  the  co-ordi- 
nates, the  energy  Avill  no  longer  be  equally  distributed  among  all  the 
co-ordinates,  but  will  be  influenced  by  these  constraints.  This  is 
what  was  found  to  take  place  in  imperfect  gases,  where  the  inter- 
molecular  attractions  affect  the  components  of  the  progressive  motion., 
but  not  the  rotary  components. 

In  many  points  the  results  arrived  at  in  this  paper  are  in  substantial, 
accordance  with  those  found  by  Boltzmann*  in  his  important  papers 
upon  this  subject ;  but  both  he  and  Watson  regard  some  of  the  experi- 
mental values  of  x,  and  in  particular  all  values  less  than  1'33,  to  be  in 
contradiction  to  theory.  So  far  as  is  known  to  the  author,  the  investi- 
gation which  he  has  here  given  to  the  question  explains  for  the  first, 
time  this  contradiction  which  Watson  (p.  39)  regards  as  "  the  great 
difficulty  in  the  establishment  of  the  kinetic  theory  of  gases  on  the 
molecular  hypothesis." 

Cincinnati,  January  18,  1883. 


ANTICYCLONIC  STORMS. 


By  Pliny  Earle  Chase,  LL.D. 


The  science  of  Meteorology  may,  for  many  good  reasons,  be  regarded; 
as  a  peculiarly  American  science.  William  Ferrel's  discussion  of  the 
motion  of  fluids  and  solids  relative  to  the  earth's  surface,  which  was 
first  published  in  the  summer  of  1856,  placed  the  laws  of  cyclonism. 
and  anticyclonism  on  a  solid  mathematical  basis.  He  showed  that,  in 
the  northern  hemisphere,  all  moving  bodies  are  constantly  subjected,. 
in  consequence  of  the  earth's  rotation,  to  a  deflection  towards  the  right 
hand.  Hence  all  atmospheric  surface  currents  which  are  mainly 
governed  by  a  downward  pressure,  tend  to  curve  in  the  direction  of 
the  hands  of  a  watch,  or  successively  through  north,  east,  south,  west. 
All  surface  currents  which  are  mainly  governed  by  an  upward 
pressure,  tend  to  flow  in  an  opposite  direction,  or  through  north,  west,, 
south,  east.f  The  heavy  winds  are  called  anticyclonic ;  the  light 
winds,  cyclonic. 

*8itzungsb.  d.  Wien.  Akad.,  Bd.  03,  60,  74. 

f  This  will  be  evident,  if  we  imagine  ourselves  to  be  lying  in  the  current 
and  facing  the  direction  towards  which  the  pressure  tends. 
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There  can  be  no  descending  currents  in  one  place  without  ascending 
currents  in  another;  therefore,  in  every  atmospheric  disturbance,  there 
must  be  simultaneous  cyclonic  and  anticyclonic  winds.  Such  disturb- 
ances orig-inate  either  in  an  unusual  cooling  and  condensation,  or  in 
-an  unusual  heating  and  expansion  of  air.  In  the  former  case  the 
inflow,  in  the  upper  regions  of  the  atmosphere,  will  produce  an 
increased  pressure.  In  the  latter,  the  outflow  will  produce  a 
•diminution  of  pressure.  In  the  restoration  of  equilibrium,  currents  of 
warm  air  are  often  brought  into  contact  with  colder  currents.  If  the 
currents  are  both  saturated  wtth  moisture,  or  if  they  contain  more 
vapor  tiian  can  be  retained  under  the  temperature  of  the  mixed 
-currents,  precipitation  takes  place,  in  the  form  of  rain,  hail,  or  snow 
This  precipihition  reduces  the  weight  of  the  atmospheric  column  and 
the  barometer  falls.  Accordingly,  there  is  a  constantly  increasing 
tendency  to  cyclonism  about  storm  centres,  and  there  has  been  a  very 
prevalent  disposition  to  look  upon  all  storms  as  of  cyclonic  origin. 

A  little  reflection,  however,  will  show  that  the  initial  mixture  of 
currents  may  be  due  to  either  of  the  causes  above  mentioned  ;  either 
to  the  flow  of  warmer  air  into  a  cold  depression  at  the  top  of  the 
atmosphere,  or  to  a  flow  of  cold  air,  at  the  earth's  surface,  towards  a 
region  of  low  barometric  pressure.  In  the  former  case,  the  initial 
superficial  currents  are  determined  by  a  downward  pressure  and  they 
are,  therefore,  anticyclonic  ;  in  the  latter  they  are  determined  by  an 
upward  pressure  and  are  cyclonic. 

A  careful  study  of  the  weather  mai)s  shows  that  the  heaviest  rains 
and  snows  occur  in  advance  of  the  centres  of  low  barometric  pressure, 
•or  in  the  rear  of  the  centres  of  high  barometric  jiressure.  If  storms 
began  in  tiie  cyclonic  currents,  the  reverse  should  be  true;  the 
greatest  effect  following  the  low  centre  and  preceding  the  high 
•centre. 

The  frequent  failures  of  forecasts,  during  the  past  winter,  seem  to 
have  been  mainly  due  to  a  misinterpretation  or  a  misconception  of 
these  facts,  to  which  the  writer  first  called  attention  in  1871  {Proc. 
Amer.  Phil.  Soc.  xir,  40).  They  were  subsequently  embodied  in  the 
'^'  Suggestions "  of  the  Signal  Service  Bureau,  and  the  officers  of 
the  Burciui  communicated  to  the  public  journals,  some  remarkable 
evidences  of  anticyclonism  in  storms  of  great  magnitude. 

Loomis's  subsequent  discussions  of  the  Signal  Service  obi^ervations 
liave  furnished  al)nnd:uit  additional  evidence  of  a  like  character,  and 
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have  shown  the  great  frequency  of  anticyclonism  at  the  beginniugy. 
and  during  the  continuance  of  showers  and  of  storms  of  all  kinds. 

The  limit  between  anticyclonic  and  cyclonic  tendencies,  may  be 
approximately  assumed  to  be  midway  between  the  centres  of  high  and 
low  barometric  pressure.  All  cloudiness  or  precipitation  between  the 
limit  and  the  high  centre,  represents  anticyclonic  influence ;  all  between 
the  limit  and  the  low  centre  represents  cyclonic  influence.  Local 
cyclonism  sets  in  soon  after  precipitation  begins,  and  tlie  anticyclonic 
influence  is  thus  partially  hidden  ;  but  a  critical  examination  of  the 
weather  maps  will  show  that  the  prevailing  currents  of  the  region 
often  continue  to  be  anticyclonic  until  the  rain  or  snow  is  nearly,  or 
quite  over.  The  evidences  of  storm  breeding  and  stormy  anticyclonism 
will  be  still  more  striking,  if  the  changes  of  barometric  pressure  are 
studied  in  connection  with  the  beginnings  and  subsequent  growth  of" 
cirrus,  cumulus,  and  nimbus  clouds,  as  well  as  with  the  rainfall  and 
the  final  breaking  up  of  cloudiness. 

There  are  good  reasons  for  believing  that  such  study,  systematically- 
and  thoroughly  continued  under  the  direction,  and  with  the  facilities 
of  the  Signal  Service  Bureau,  would  raise  the  successful  verifications- 
of  the  Washington  forecasts   to   an   average  of  at   least   ninety-five- 
per  cent. 


THE  GEOLOGY  OF  PHILADELPHIA. 


By  Professor  H.  Carvill  Lewis. 

[A  lecture  delivered  before  the  Franklin  Institute,  January  12, 1882.] 


Some  years  ago,  Dr.  C.  C.  Abbott,  of  Trenton,  announced  his  dis- 
covery in  this  gravel  of  stone  implements  of  human  workmanship,, 
distinct  in  shape  and  characters  from  those  of  the  modern  Red  Indian. 
They  are  larger  and  more  rude  than  modern  implements,  being  roughly^ 
chipped  and  never  ground  to  an  edge  or  polished.  Unlike  modern 
arrowheads  and  spearheads,  which  are  generally  made  from  quartz,, 
flint  or  some  hard  sandstone,  these  are-  all  made  of  gray  argillite,  a 
rock  which  is  found  in  places  farther  up  the  river,  and  which  is  a 
Triassic  shale  altered  and  hardened  by  the  heat  from  adjacent  trap 
dykes. 
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They  are  essentially  of  palaeolithic  type,  and  liave  identical  charac- 
ters with  the  river  drift  implements  found  in  the  valleys  of  France, 
England,  and  other  parts  of  Europe.  Dr.  Abbott  states  that  the 
modern  implements  ("neoliths")  are  confined  to  the  surface  of  the 
ground  or  a  few  inches  below,  but  are  never  associated  with  the 
"  palaeoliths  "  lower  down,  Avhich  may  occur  at  depths  of  ten  feet  or 
more  below  the  surface.  When  found  below  the  surface,  these  j>alaco- 
lithic  implements  always  occur  in  the  Trenton  gravel,  and  never  in  the 
older  gravels,  and  this  fact  alone  offers  strong  evidence  that  they 
belong  to  and  are  of  coeval  deposition  with  that  formation.  In  going 
•  over  the  ground  in  company  with  Dr.  Abbott,  it  was  interesting  to  find 
that  it  was  only  within  the  limits  of  the  Trenton  gravel,  as  previously 
traced  out  and  mapped  by  the  lecturer,  that  these  implements  had  been 
found  below  the  surface.  Many  competent  archjeologists  sustain  Dr. 
Abbott  in  believing  that  these  rude  implements  are  a  constituent  part 
of  the  gravel,  and  are  neither  natural  forms  nor  intrusive  objects. 

All  the  evidence  that  has  been  gathered  points  to  the  conclusion  that 
at  the  time  of  the  Trenton  gravel  flood,  man  in  a  rude  state  lived  upon 
the  banks  of  the  ancient  Delaware.  He  may  have  been  in  the  habit  of 
spearing  fish  and  seals  with  spears  pointed  by  his  rough  stone  implements, 
and  these  having  been  dropped  into  the  flood  may  have  sunk  into  the 
loose  and  shifting  gravel.  The  climate  was  cold  and  the  flooded  river 
was  filled  with  icebergs.  A  similar  period  in  Europe  has  been  called 
the  Reindeer  Period. 

It  is  interesting  to  find,  as  pointed  out  by  archaologists,  that  until 
lately  the  Esquimaux  have  used  rude  stone  implements  similar  in  appear- 
ance to  those  fomid  in  the  Trenton  and  other  river  gravels,  and  it  has 
been  suggested  that  that  race,  now  living  in  a  climate  and  under  condi- 
tions perhaps  simihir  to  those  once  existing  on  the  Delaware,  may  have 
some  kinship  with  thepre-Indian  people  of  this  river.  It  may  be  that 
an  Esquimaux  race,  living  here  at  the  time  of  the  flooded  Delaware,  were 
driven  north  by  the  coming  of  the  Red  Indians. 

Whether  or  not  these  ancient  people  were  the  ancestors  of  our  present 
Indians,  it  is  of  interest  to  find  their  great  antiquity,  as  shown  by  the 
Trenton  gravel.  As  already  stated,  that  gravel  was  depositetl  at  the 
close  of  the  last  glacial  epoch.  The  conditions  at  that  time  have 
already  been  described,  and  in  tlie  last  lecture  an  attempt  was  made  to 
calculate  the  probable  date  of  that  period.     A  careful  search  among 
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the  more  recent  gravels  underlying  Philadelphia,  might  throw  more 
light  upon  this  yet  unsettled  problem,* 

Coming  now  to  the  second  portion  of  our  subject,  being  a  descrip- 
tion of  the  roel^s  in  the  vicinity  of  the  city,  time  forbids  more  than  a 
cursory  examination, 

THE    PHILADELPHIA    GNEISS. 

The  above  described  superficial  formations  rest  upon  an  ancient  meta- 
morphic  rock,  composed  of  quartz,  felspar,  and  mica,  arranged  in  layers, 
and  known  as  gneiss,  and  thus  frequently  in  the  same  street  cutting  a  sec- 
tion may  be  exposed  of  one  of  the  most  recent  deposits  lying  directly 
upon  one  of  the  most  ancient  geological  formations  known.  The  age 
of  the  glacier  is  as  nothing  in  comparison  with  that  of  the  gneiss.  The 
latter  forms  the  old  foundation  stones  of  the  continent,  from  which  all 
the  other  rocks  were  afterwards  formed.  The  flakes  of  mica  in  the 
sandstones  of  the  coal  strata  and  in  the  brownstone  used  for  our  houses, 
are  derived  from  this  ancient  formation  of  gneiss,  which  has  been  the 
bed  of  many  an  ocean.  Underlying  all  the  other  rocks  of  the  globe, 
the  Archaean  rocks  were  made  at  the  time  when  the  lowest  forms  of 
life  were  introduced.  Of  the  archaean  rocks,  the  oldest  are  the  Lau- 
rentian,  to  which  the  gneiss  near  Conshohocken  probably  belongs,  and 
the  newer  are  known  as  Huronian.  To  this  division  belongs  the  gneiss 
at  Philadelphia,  which  is  identical  with  the  gneiss  which  forms  the 
White  Mountains  of  Vermont  and  the  Rocky  Mountains  of  Colorado. 
From  the  former  locality  it  is  sometimes  called  Mont-Alban.  These 
ancient  rocks  are  always  greatly  twisted  and  contorted,  generally  dipping 
at  high  angles  to  the  horizon,  as  may  be  seen  along  the  Schuylkill  in 
the  East  Park, 

As  the  earth  contracted  during  its  cooling  from  the  molten  state,  its 
crust  shrivelled  and  became  wrinkled  like  the  skin  of  a  dried  apple. 
The  strata  were  tilted  up  to  form  mountain  chains,  which  were  after- 
wards ground  down  by  long  continued  erosion.  No  life  could  exist 
until  the  earth  had  cooled  down  to  200°  F.  Some  idea  of  the  length 
of  time  before  that  stage  is  given  in  Helmholz's  calculation,  based  upon 
the  rate  of  cooling  of  lavas,  that  for  the  earth  to  cool  from  2,000°  to 

*At  the  opening  of  the  lecture,  Mr,  John  Sartain  brought  for  examina- 
tion a  supposed  Indian  implement  found  by  him  in  gravel,  24  feet  below 
the  surface  of  the  street,  in  an  excavation  below  the  cellar  of  No.  728  San- 
som  street,  Philadelphia.  This  implement  has  since  been  described  in  full 
by  Prof.  Lewis,  in  tlie  Proceedings  of  the  Academy  of  Natural  Sciences, 
Feb.  6,  1883. 
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200°  F., -woukl  have  required  three  hundred  and  fifty  millions  of  years. 
Any  life  that  may  have  existed  in  the  Philadelphia  gneiss  has  been 
obliterated  by  the  heat,  pressure,  contortions,  and  consequent  metamor- 
phisra  to  which  it  has  been  subjected.  These  same  forces,  however, 
have  made  our  rocks  so  full  of  interesting  minerals.  Minerals  and 
fo&sils,  therefore,  rarely  occur  together.* 

The  beds  of  serpentine  which  occur  in  the  gneiss  of  the  northern 
part  of  the  city,  are  regarded  as  the  result  of  the  alteration  of  gneissic 
rocks  by  contact  with  magnesian  waters. 

THE    PRIMAL   SLATES    AND    POTSDAil    SANDSTONE. 

On  top  of  the  gneiss  and  at  the  base  of  that  great  group  of  fossilif- 
■erous  rocks  known  as  the  Palaeozoic  system,  is  a  peculiar  formation  in 
the  middle  strata  of  which  occur  the  oldest  fossils  yet  found  in  the  vicin- 
ity of  Philadelphia.  The  lower  part  of  the  formation  is  the  pale  sandy 
slate  which  forms  P'dge  Hill  and  Barren  Hill,  and  the  northern  base 
of  Chestnut  Hill.  The  slates  are  closely  folded  and  stand  often  almost 
perpendicular.  At  Edge  Hill  station  on  the  N.  P.  R.  R.,  the  strata 
are  broken  and  bent  over  by  the  action  of  gravity  draging  them  down 
bill — this  ])henomenon  being  known  as  "creep."  T  I.  ese  slates  (known 
as  hydro-mica  slates)  are  probably  of  the  same  age  as  the  diamond 
bearing  slates  of  Brazil  and  elsewhere. 

A  sandstone,  Avhich  from  its  great  development  at  Potsdam,  N.  Y., 
has  been  named  from  that  place,  overlies  the  slates  and  often  contains 
long  tubular  fossils,  known  as  Scolithus  linearis,  which  appear  to  be  the 
■casts  of  worm-holes.  As  shown  by  the  ripplemarks,  this  sandstone 
"was  formed  at  the  edge  of  an  ancient  sea.  Marine  worms  burrowed  in 
the  sea  beach  and  the  winds  drifted  the  sands,  which  ages  afterwards 
"were  haixlene<l  and  tilted  up  to  form  the  rocks  at  Willow  Grove,  and 
those  along  the  north  side  of  Chester  valley. 

On  top  of  this  fosiliferous  sandstone  is  a  series  of  soft,  iron-bearing 
•shales,  often  decomposed  into  variegated  clays,  carrying  extensive  beds 
of  iron  ore  (limonite).  Crossing  the  limestone  valley,  diagonally,  in  a 
series  of  anticlinal  rolls,  whidi  rise  througli  the  overlying  limestone, 
this  formation  supplies  a  large  amount  of  iron  ores  to  our  blast 
furnaces. 

♦The  principal  minerals  in  the  Philadelphia  gneiss  were  given,  and  the 
boundaries  of  the  forniiitioii  were  shown  iij)on  a  map.     It  was  stated  that      | 
no  accurate  geological  map  of  this  region  iiad  yet  Ijcon  constructed. 
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THE    AURORAL    LIMESTONE. 

The  bluish-white  streaked  marble  which  adorns  the  door  steps  and 
window  sills  of  the  greater  part  of  our  houses  comes  from  the  limestone 
valley  which,  on  either  side  of  the  Schuylkill,  lies  immediately  north 
of  the  city.  Originally  formed  by  the  accumulation  of  minute  organic 
remains  under  deep  sea  water,  subsequent  changes  have  obliterated  all 
traces  of  animal  life,  the  streaks  of  carbonaceous  material  and  the  occa- 
sional specks  of  graphite  alone  remaining  as  witnesses.  These  same 
changes  have  altered  certain  strata  of  the  limestone  to  the  crystalline 
state  known  as  marble.  The  quarries  at  Marble  Hall  are  well  worth}^ 
of  a  visit.  Farther  inland,  in  places  removed  from  the  disturbing 
influences  of  the  Philadelphia  region,  the  same  limestone  is  filled  with 
fossil  shells  and  corals.  Professor  Rogers  called  it  the  "Auroral" 
limestone  because  it  was  the  dawning  of  the  long  geologic  day  of  the 
succession  of  Palaeozoic  life. 

Like  almost  all  limestones,  the  Auroral  limestone  always  occurs  in  a 
valley.  These  valleys,  such  as  that  north  of  Chesthut  Hill,  are  such 
from  the  fact  that  the  limestone  for  countless  ages  has  been  constantly 
dissolved  away  by  the  power  of  rain-water,  and  the  surface  lowered  by 
the  breaking  down  of  underground  caverns.  On  the  other  hand,  the 
Kittatinny  mountain  is  a  mountain,  not  because  its  rocks  are  more 
tilted  up  than  other  rocks,  but  simply  because  the  hard  sandstone  which 
forms  it  has  resisted  these  atmospheric  and  erosive  agencies,  while  the 
country  on  either  side  of  it  has  been  lowered. 

The  iron  ore,  so  common  in  the  valley  north  of  Chestnut  Hill,  most 
of  which  is  in  the  form  of  limonite,  has  been  derived  by  solution  and 
subsequent  segregation  from  the  older  underlying  shales,  some  of  it 
having  been  altered  in  place  from  these  shales,  some  of  it  belonging  to> 
clays  of  tertiary  age,  and  some  of  it  having  been  drifted  still  more 
recently  and  made  a  surface  deposit.  The  lecturer  several  years  aga 
discovered  lignite,  or  brown  coal,  at  some  localities  in  the  vicinity  of 
Marble  Hall.  It  had  the  form  of  twigs  and  branches,  and,  associated 
with  kaolin,  potter's  clay  and  iron  ore,  threw  light  upon  the  age  of 
these  deposits. 

THE   TRIASSIC   SANDSTONE. 

A  succession  of  red  sandstone  and  shales,  which,  from  its  thi-eefold 
division  in  Germany  has  been  called  the  Trias,  and  which  belongs  to 
Mezozoic  time,  being  more  recent  than  the  coal  measures  and  older 
than  the  New  Jersey  marl,  forms  in  Pennsylvania  a  belt,  the  lower 
edge  of  which  extends  from  Trenton  to  Norristown  and  Valley  Forge, 
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whence  it  traverses  Berks,  Lancaster,  York  and  Adams  counties,  enter- 
ing Maiyland  south  of  Gettysburg.  The  strata  all  dip  at  a  low  angle 
northwestward,  and  appear  to  liave  been  deposited  in  a  shallow  estuary 
or  inland  sea  which  once  occupied  this  region.  As  shown  by  the  com- 
position of  its  pebbles,  this  Triassic  sea  washed  the  shores  of  the  Phila- 
delphia mountains. 

This  was  the  age  of  reptiles.  Labyrinthodonts  waded  in  the  mud- 
flats and  left  their  tracks  preserved  to  this  day.  Some  of  them  walked 
altogether  on  their  hind  legs  like  a  kangaroo,  looking  probably  like  a 
long-legged  frog  covered  with  scales,  with  teeth  several  inches  long,, 
and  tall  enough  sometimes  to  look  over  a  twelve-foot  an^iIL  Other 
creatures,  called  Dinosaurs,  were  like  four-legged  birds,  the  hind  feet 
being  bird-like.  One  of  these,  which  had  teeth  like  a  crocodile,  lived 
at  Phcenixville,  where  its  bones  have  l^een  found.  The  footprints  of 
these  creatures,  the  mud  cracks  and  ripple  marks  and  rain  prints,  the 
cycads  and  tree  ferns,  and  the  occasional  seaweeds,  all  tell  the  story  of 
this  formation  and  give  fresh  interest  to  that  part  of  it  which,  under 
the  name  of  "  brownstone,"  is  used  for  the  fronts  of  our  Walnut  street 
houses. 

As  the  Triassic  age  drew  to  a  close,  there  was  an  outburst  of  volcanic 
action.  Streams  of  molten  lava  issued  from  the  earth  to  form  the  trap 
dykes  which  are  crossed  by  the  Reading  Railroad  at  Conshohocken^ 
by  the  North  Pennsylvania  Railroad  near  Quakertown,  and  by  the 
Pennsylvania  Railroad  twenty  miles  before  reaching  Harrisburg. 

The  sketch  here  given  of  the  geology  of  Philadelphia  is  but  a  frag- 
ment of  what  may  be  learned  at  our  very  doors.  The  gneiss  of  which 
our  cellars  arc  built  takes  us  back  in  thought  to  that  remote  time  when? 
the  earth  had  just  cooled  sufficiently  to  permit  the  introduction  of  the 
lowest  forms  of  life ;  the  marble  of  our  door-steps  tells  of  an  ocean 
inhabited  by  no  fishes,  which  washed  land  ujK)n  which  grew  no  trees  ;. 
our  brownstone  fronts  recall  an  age  of  strange  reptiles  and  uncoutb 
birds,  when  seaweeds  grew  on  the  hills  back  of  Xorristowu,  and  whea 
earthquakes  cleft  open  the  earth;  the  bricks  of  our  walls  teach  us  of 
an  epoch  when  the  city  w;is  under  water,  the  Schuylkill  joined  the 
Delaware  at  the  Falls,  and  icelxjrgs  floated  down  from  thegi-eat  glacier 
farther  north  ;  and  the  cobble-stones,  finally,mutely  s|>eak  of  that  age 
of  cold,  preceding  our  own,  when  the  glaciers  melted  and  retreated^ 
and  when,  on  the  banks  of  the  flooded  Delaware  primeval  man  first 
appeared. 
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KEPORT  OF   THE   SPECIAL   COMMITTEE  OF  THE 

FRANKLIX  IXSTITUTE  ON  THE  PREVENTION 

OF  FIRES  IN  THEATRES. 


fPresented  and  accepted  at  the  stated  meeting  of  the  Institute  held 
Wednesday,  April  18,  1883.] 


Hall  of  the  Institute,  April  18th,  1883. 

The  majority  of  the  ''Committee  on  Prevention  of  Fires  in  Theatres" 
makes  the  following  report : 

Theatres  for  two  hundred  years  have  not  materially  changed  in  form 
or  arrangement,  yet  they  have  enormously  increased  in  size. 

The  building  materials  employed  for  the  stage  have,  however, 
remained  the  same  (except  that  in  many  cases  the  joists  of  the  stage 
floor  are  Z  beams  of  iron);  they  are  at  present,  as  they  formerly  were, 
billed  with  masses  of  wood-work,  boards,  laths,  canvas,  gauze,  etc., 
piled  up  as  if  it  was  the  sole  purpose  of  the  builders  to  crowd  together 
as  many  inflammable  substances  as  possible. 

The  only  important  changes  in  theatres  have  been,  first,  the  iutro- 
<luction  of  gas  lighting ;  and  second,  appliances  for  heating,  both  of 
which  have  tended  to  greatly  increase  the  hazard. 

Without  going  into  any  detailed  statistics,  your  committee  shall  give 
a  few  tables,  compiled  from  the  records  of  Foelsch  and  Hexamer,  which 
are  particularly  instructive  and  interesting.  For  example,  of  616 
theatre  fires  there  *have  occurred  : 

In  London 35 

In  Paris 29 

In  New  York 27 

In  San  Francisco 21 

In  Pliiladelphia 17 

In  Boston 11 

In  Cincinnati 9 

In  Xew  Orleans 8 

In  Baltimore 6 

It  is  an  alarming  fact  {hat  the  number  of  theatre  fires  is  continually 
increasing.  Sixty-nine  occurred  between  1851  and  1860,  ninety-nine 
occurred  between  1861  and  1870,  181  occurred  between  1871  and 
1880. 
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During  the  last  decade  we  have  had  theatre  fires  as  follows : 

1871 20 

1872 la 

1873 15 

1874 15 

1875 14 

1876 19 

1877 17 

1878 20 

1879 25 

1880 23 

1881 28 

Total 209 

Average,  19. 

Nineteen  theatres  have  therefore  on  the  average  been  destroyed  dur- 
ing the  last  eleven  years. 

In  a  recent  compilation  your  committee  found  that  in  1882  twenty- 
three  theatres  were  destroyed  by  fire. 

Out  of  a  great  number  of  theatres,  of  which  the  age  had  been  care- 
fully ascertained,  it  is  found  that  five  out  of  two  hundred  and  fifty- 
two  theatres  were  burned  before  they  were  entirely  finished  or  opened 
to  the  public ;  seventy  were  burned  during  the  first  five  years  after 
they  had  been  built ;  thirty-eight  were  burned  from  the  sixth  to  the 
tenth  year  of  their  existence ;  forty-five  from  the  eleventh  to  the 
twentieth ;  twenty-seven  from  the  twenty-first  to  the  thirtieth  ;  twelve 
from  the  thirty-first  to  the  fortieth ;  twenty  from  the  forty-first  to  the 
fiftieth  ;  seventeen  from  the  fifty-first  to  the  sixtieth  ;  seven  from  sixty- 
first  to  eightieth  ;  eight  from  the  eighty-first  to  the  one  hundredth,  and 
three  after  the  hundredth  year  of  existence.  From  this  table,  which 
gives  the  longevity  (if  this  expression  may  be  allowed)  of  two  hun- 
dred and  fifty-two  theatres,  of  which  there  are  authentic  accounts,  may 
be  seen  that  in  the  first  five  years  nearly  one-fourth  were  destroyed,, 
while  only  three  reache<l  the  age  of  one  hundred  years. 

There  is,  perhaps,  no  fact  which  illustrates  to  us  the  frequency  with 
which  these  fires  occur  .so  clcjirly  as  the  repetition  of  the.se  catastrophes 
at  the  same  theatre.  The  following  is  a  list  of  theatres  which  were 
three  times  totally  destroyed  by  fire:  Her  Majcsty'.s,  London;  Drury  , 
Lane,  London  ;  Covent  Garden,  l^ondon  ;  the  Emperial  Opera  House, 
M0.SCOW ;  Barnum's  Theatre  and  Museum,  New  York ;  the  Royal 
Theatre, Glasgow ;  the  City  Theatre,  Namur ;  the  Teatro  Sao  Pedro,  Rio- 
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The  following  is  a  list  of  theatres  destroyed  four  times ;  Astley's 
Amphitheatre,  London ;  the  Grand  Opera,  Pai-is  ;  the  City  Theatre, 
Brunn ;  the  National  Theatre,  Washington ;  the  Bowery  Theatre,  of 
!New  York,  leading  the  list,  it  having  been  five  times  totally  destroyed 
by  fire  in  less  than  forty  years. 

There  is  no  more  vicious  argument  than  that  which  is  frequently 
made,  that  it  is  unnecessary  to  improve  theatres  in  our  country,  as  they 
ure  much  superior  to  those  of  Europe ;  lengthy  arguments  of  this  sort 
generally  ending  with  the  statement,  that  fewer  theatres  are  destroyed 
by  fire  in  the  United  States  than  any  other  country.  To  dispel  such 
ideas  from  the  public  mind,  your  committee  quotes  the  statistical  com- 
parison from  the  records  of  Foelsch  and  Hexamer,  with  the  following 
.astonishing  result. 

In  grouping  the  six  hundred  and  sixteen  theatre  fires,  which  have 
.teen  recorded  according  to  the  countries  in  which  they  occurred,  we 
.have  the  following : 

In  the  United  States 188 

In  Great  Britain 87 

In  France 73 

In  Germany 63 

In  Italy 50 

In  Austria 33 

In  Russia 28 

In  Spain 21 

All  other  smaller  European  States,  fifty-six ;  all  the  other  smaller 
jion-European  States,  twenty-seven. 

Your  committee  did  not  wish  to  make  a  report  until  it  had  thor- 
oughly considered  how  the  great  number  of  fires  at  theatres,  which  is 
yearly  increasing  could  be  lessened,  by  the  introduction  of  proper  pre- 
cautions ;  and  by  what  means  places  where  thousands  congregate,  not 
by  necessity,  but  for  pleasure,  could  be  made  entirely  safe. 

The  consideration  of  the  subject  was  taken  up  in  the  following 
order:  The  hazards  of,  (1)  artificial  light;  (2)  heating  apparatus; 
-(3)  fire-works;  (4)  the  use  of  paper  wads  in  guns,  and  (5)  the 
situation  of  the  necessary  workshops,  paint  lofts,  spontaneous  combus- 
tion of  waste,  etc. 

After  proper  consideration  of  these  subjects,  your  committee  next 
studied  methods  for  the  improvement  of  theatres  in  regard  to  public 
safety,  studying  closely  (1)  the  improvement  of  exits;  (2)  the  divi- 
:sion  of  the  stage  and  rooms  belonging  thereto  from  the  auditorium ; 
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(3)  the  opening  of  doors;  (4)  safety  systems  of  lighting,  heating, 
ventilation,  etc. 

The  greatest  number  of  fires  are  caused  by  the  paraphernalia  of 
illumination.  The  danger  of  coal-oil,  which  is  much  used  in  our 
country-  and  western  theatres  as  an  illuminating  agent,  is  self-evident, 
but  the  hazards  of  gas,  which  but  within  a  few  years  was  the  safest 
material  at  our  command,  are  not  so  well  understood.  Besides  the 
dangers  of  leakage  and  explosions,  avc  have,  in  the  case  of  gas  illumi- 
nation, hundreds  of  Jiames  spread  throughout  a  building,  each  forming 
a  dangerous  sphere  around  itself.  Although  the  last  named  dangers 
can  and  should  be  lessened  by  proper  precautious,  such  as  wire  baskets 
and  shields  over  the  flames,  still,  when  we  consider  the  close  proximity 
of  the  border  lights  to  combustible  gauzes  and  canvas,  and  ponder  on 
the  hazards  of  temporary  illuminating  effects,  Avhere  jets  are  fed 
through  rubber  hose  which  must  be  removed  during  change  of  scene, 
"vve  must  ask  is  there  no  other  method  of  illuminating  by  which  equally 
rgood  artistic  effects  may  be  produced,  and  which  at  the  same  time  will 
lessen  or  entirely  do  away  with  the  hazards  of  the  present  system  ? 
Portunatel}'  means  are  now  at  hand.  By  the  labors  of  eminent  elec- 
tricians, we  have  at  our  disposal  an  agent  by  which  the  same,  if  not 
more  brilliant,  effects  than  those  of  gas  can  be  produced,  while  doing 
away  with  the  dangers  of  gas,  the  lamps  themselves  being  absolutely 
:safe.  The  finest  piece  of  gauze  might  lie  on  one  of  these  lamps  with- 
out being  harmed.  At  the  same  time  the  oppressive  heat  and  dele- 
terious products  of  the  combustion  of  gas  are  done  away  with. 

Your  committee  does  not  deem  it  necessary  to  describe  the  systems 
of  "  Incandescent  Electric  Lighting,"  the  introduction  of  which  would 
undoubtedly  be  one  of  tiie  most  nece&sary  reforms  of  our  present 
theatre  system. 

Your  committee  does  not  think  that  the  arc  light  could  be  intro- 
duced to  advantage  in  theatres,  except  in  conjunction  with  reflectors  so 
as  to  increase  the  brilliancy  of  the  incandescent  lamps.  The  disadvant- 
ages of  all  arc  systems  would  l)e  (1)  their  unsteadiness;  (2)  the  color  of 
tlie  rays  which  would,  as  actors  say,  "  bring  out  the  j)aint,"  and  by  the 
want  of  warmth  l)e  disagreeable  to  audiences.  The  immense  advant- 
-ages  of  electric  incandescent  ligiiting,  assisted  by  refl<'cted  arc  lights 
over  that  of  gas  is,  that  it  would  do  away  with  (1)  the  dangers  from 
leakage  and  exj)losions  of  gas;  (2)  the  oppressive  heat  of  the  numer- 
ous gas  flames,  which   dries  out   the  woodwork,  canvass,  and  ropes  of 
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the  rigging  loft,  like  tinder ;  (3)  the  fading  of  metallic  colors  caused 
by  the  products  of  gas  combustion  ;  (4)  the  very  expensive  processes 
of  ventilation,  which  frequently  do  not  give  a  sufficient  supply  of  fresh 
air,  may  be  greatly  simplified  as  it  is  the  great  number  of  gas  flames 
consuming  more  oxygen  than  the  audiences  do,  which  produces  the 
"  closeness  "  of  theatres,  and  (5  and  lastly)  the  fire  hazard  from  contact 
with  the  light,  as  the  glowing  parts  with  the  incandescent  lights  are 
hermetically  sealed  inside  of  a  glass  globe.  Your  committee  is  fully 
aware  of  the  fire  hazards  of  the  electric  light,  but  the  incandescent 
lights  (and  especially  our  American  systems)  are,  through  the  efforts 
of  different  committees,  and  foremost  by  that  of  the  "  New  York  Board 
of  Fire-underwriters,"  so  well  supplied  with  safety  "cut-outs"  and 
"catches,"  and  the  erection  of  electric  systems  in  the  principal  Ameri- 
can cities  is  so  well  looked  after  by  the  special  inspectors  of  the  "  Boards,"" 
that  these  dangers  are  reduced  to  a  minimum.  The  practicability  of 
electric  light  for  the  illumination  of  theatres,  has  been  illustrated  in 
the  Savoy  Theatre  of  London,  which  has  for  over  a  year  been  illumi- 
nated with  electric  light,  proving  it  to  be  "a  perfect  artistic  success." 

Your  committee  has  received  the  following  letter  from  the  manage- 
ment of  the  Savoy  Theatre : 

"  In  reply  to  your  inquiries  (1)  The  electric  light  is  a  perfect  artistic  suc- 
cess. (2)  It  costs,  at  present,  about  twice  as  much  as  gas  in  England,  but 
the  proposition  here  would,  no  doubt,  be  much  less,  as  gas  is  much  dearer 
than  in  England.  Ultimately,  no  doubt,  the  cost  in  England  will  be  the 
same.  Yours,  faithfully, 

R.  DOYIiY  Cakte." 

Theatres  should  be  heated  by  steam  or  hot  water  systems.  Stoves 
and  heaters  are  objectionable.  Where  heaters  are  used,  one-fifth  of  the 
registers  should  be  so  arranged  that  they  cannot  be  closed,  as  many 
fires  have  been  caused  by  overheated  hot  air  pipes,  in  cases  where  all 
registers  have  been  closed  and  the  hot  air  could  not  escape.  All  reg- 
ister openings  should  be  closed  by  fine  wire  netting  to  prevent  combus- 
tible particles  dropping  into  hot-air  flues. 

The  only  manner  in  which  the  dangers  of  fireworks  may  be  lessened 
is  by  ^^ impregnating''^  all  scenery  and  gauze  by  approved  processes.. 
Your  committee  has  for  the  past  six  months  experimented  with  all 
ascertainable  processes  of  impregnation.  A  process  which  your  com- 
mittee has  found  to  be  deserving  of  entire  public  confidence  is  that  of 
Dr.  J.  Pafen,  of  Frankfort,  Germany,  which  has  been  introduced  to 
great  extent;  of  its  many  commendable  properties  the  following  have 
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been  certified  on  inquiry.  The  material  may  be  used  on  scenerj'  wliich 
has  been  painted  upon,  without  destroying  or  injuring  the  colors ; 
scenery  which  is  impregnated  in  this  manner  does  not,  on  being  used, 
fill  the  air  with  a  fine  dust,  deleterious  to  actors  and  singers,  which  was 
found  to  be  a  most  disagreeable  feature  in  other  processes. 

Your  committee,  at  its  request  through  the  kindness  of  ^Messrs.  Mertz 
and  Schaede,  received  the  following  testimonial : 

Frankfort-on-the-Main,  August  2,  1882. 

We  herewith  certify,  on  request  of  Messrs.  Gustav  Schaede  and  C.  Ru- 
dolpli  Mertz,  who  have  purchased  the  sole  right  to  imi)regnate  combustihle 
substances  for  Xortli  and  South  America  from  Dr.  Pafen,  of  this  city,  that 
after  one  year's  use  the  following  results  have  been  obtained  : 

1st.  The  objects  imi)regnated  have  proved,  even  after  considerable  length 
of  use,  to  be  perfectly  incombustible. 

2d.  This  quality  has  not  been  diminished  by  use  in  the  least,  as  we  have 
ascertained  by  repeated  tests. 

3d.  The  fabrics  and  colors  have  not  suffered  by  the  impregnation. 

4th.  Xo  injurious  effect  of  any  kind  have  been  observed  to  occur  by  Dr. 
Pafen's  method  on  the  voices  of  the  singers  and  actors. 

C.   KUDOLPH, 

Engineer  of  the  Opera  House. 

Magnus  Proksler, 
Inspector  of  the  Opera  House. 

Satisfactory  results  have  also  been  obtained  by  the  processes  of 
Gautsch,  Judlin,  by  sulphate  of  ammonia,  and  by  silica  deposited  into 
the  fibres  by  precipitation. 

Besides  impregnating  the  scenery,  the  woodwork  should  be  covered 
with  some  fire-proof  paint.  Your  committee  exi)erimented  with  all 
the  solutions  they  could  ascertain,  and  had  most  satisfactory  results 
from  "asbestos  paint,"  and  especially  from  the  .so-called  asbestos  con- 
crete. 

Paper  wads  in  guns  and  pistols,  by  settling  on  gauze  or  canvas 
while  .still  glowing,  have  repeatedly  caused  theatre  fires.  Your  com- 
mittee believes  that  the  practice  of  using  wads  of  hair,  would  overcome 
this  hazard,  (^uick  burning  i)owder  is  recommended  for  theatre 
firearms;  since  the  sole  i)urpose  is  to  make  a  noise,  and  slow  burning 
powders,  especially  H0(hi  powders,  being  dcli<]uescent ;  such  grains  of 
powder  will,  when  ignited,  be  (tarried  in  a  burning  condition  consid- 
erable distances  from  the  uuizzle  of  the  gun,  thus  readily  igniting 
combustil)le  objects. 

The  workshops  and  \ya\\\\.  loft  should  be  located  outside  of  the 
Whole  No.  Vol.  CXV.— (Third  Series,  Vol.  Lxxxv.)  28 
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theatre  proper,  and  should  communicate  witli  the  stage  only  by  double 
iron  lined  doors  with  stone  sills. 

Your  committee  has  thought  best  to  bring  all  minor  matters  into  a 
series  of  recommendations,  but  before  proceeding  to  give  them  must 
mention  that  there  are  important  automatic  devices  for  opening  a 
smoke  flue  above  the  stage,  lowering  the  fireproof  curtain,  and  sending 
an  alarm,  none  of  which  have,  however,  been  introduced  into  the 
United  States. 

Your  committee  have  sought  much  to  find  a  good  fire  proof  drop 
curtain. 

The  results  obtained  of  woven  asbestos  cloth  were  most  satisfactory, 
and  smaller  experiments,  as  well  as  one  performed  on  a  large  scale  at 
the  Brooklyn  Navy  Yard,  convinced  your  committee  that  it  makes  an 
excellent  fire  curtain. 

Transparent  wire  drop  curtains  are  objectionable,  as  in  case  of  fire 
they  allow  smoke  to  pass  through  them,  and  by  not  cutting  oif  the 
view  of  the  fire  from  the  auditorium,  increase  the  panic. 

Your  committee  does  not  think  that  the  curtain  used  at  the  new 
Opera  House  at  Geneva  is  much  better. 

This  consists  of  a  wire  screen  of  very  fine  meshes,  like  the  material 
employed  for  a  Davy's  safety  lamp,  they  being  covered  on  both  sides 
with  a  coarser  wire  netting.  Curtains  of  this  kind  have  not  yet  stood 
the  "fire  test,"  Your  committee  believes  that  in  case  of  fire  it  will 
not  be  of  better  service  than  the  ordinary  wire  curtain. 

The  curtain  recently  constructed  for  the  new  theatre  "des  Celestins," 
at  Lyons,  is  constructed  on  a  similar  principle  to  the  above,  and  is 
hemmed  in  by  a  border  of  sheet  iron  two  metres  broad.  Although 
this  will  somewhat  reduce  some  objections,  yet  it  is  not  a  commendable 
curtain. 

At  Lyons,  Lille,  Toulon,  and  for  the  new  "  Theatre  des  Arts,"  at 
Rouen,  curtains  of  iron  have  been  introduced.  These  consist  of  a 
number  of  horizontal  slats  put  together  like  Venetian  window  blinds, 
and  are  raised  and  lowered  by  hydraulic  apparatus.  Whether  such 
curtains  will  in  the  course  of  time  prove  themselves  successful,  is  still 
problematical.  The  two  great  objections  \vhich  your  committee 
sees  in  these  curtains  is  their  tendency  to  rust,  and  the  ease  with 
which  they  would  waip  at  large  differences  of  temperature,  as  in  case 
of  fire. 

Sliding  curtains  of  corrugated  sheet  iron  have  stood  best  in  case  of 
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Jre.  They  hav€  been  employed  with  great  success  at  the  Hof  Theatre, 
Dresden;  Central  Halle,  Hamburg;  Hof  and  National  Theatre,  Munich ; 
New  Opera  House,  Frankfort-on-the-Main  ;  Wallmer  and  Friedrich- 
wilhelmstadter,  Belle-Alliance  AValhalla,  and  Central  Theatres  at 
Berlin  ;  Concordia  Theatre,  Hamburg,  and  othei-s. 

Your  committee  cannot  too  strongly  bring  out  the  fact  that  the 
regulating  apparatus  of  the  curtain  should  be  on  the  stage ;  and  not, 
as  was  the  case  at  Vienna,  in  the  rigging  loft,  a  place  which  in  case  of 
tire  immediately  becomes  inaccessible.  If  tiie  apparatus  is  one  which 
is  set  in  motion  by  a  crank,  the  handle  should  be  so  fixe^l  that  it 
cannot  be  removed,  or  it  will  in  most  cases  be  taken  off  in  order  to 
gain  room,  be  stowed  away  somewhere,  and  will  at  the  moment  of 
ci anger  be  missing. 

Your  committee  heartily  endorses  the  action  of  the  authorities  of 
Vienna,  who  now  require  a  man  posted  at  the  safety  curtain  lowering 
-apparatus  during  all  performances. 

Your  committee  has  had  no  chance  of  testing  the  patent  curtain  of 
Carl  Pfaif,  but  from  the  report  of  the  special  committcn;  of  the 
"Oesterreichisclien  Ingenieur  und  Architekten-Verein,"  has  been  con- 
vinced that  it  is  one,  if  not  the  most  meritorious  fire  curtain  known  up 
to  this  time;  the  above  committee  after  careful  tests  gave  the  following 
report  of  its  properties  :  (1)  That  a  curtain  constructed  on  this  jn-inciple 
could  be  used  daily  with  surety  and  with  a  small  amount  of  trouble. 

(2)  That  they  were  satisfied  of  the  durability  of  the  ])roposed  invention. 

(3)  Tiiat  in  case  of  fire  the  invention  would  work  with  raj)idity.  (4)  That 
it  would  give  the  auditorium  the  necessary  protection,  (o)  That  it 
would  restrict  the  fire  to  the  .stage. 

Your  committee  begs  leave  to  submit  the  followiu";  recommenda- 
tions,  many  of  which  are  already  law  in  several  European  States: 

First.  All  corridors  should  increase  in  width  from  the  theatre  to 
the  open  air. 

Second.  All  extra  exits  (fire  corridors)  should  be  marked  as  such  in 
large,  bold  letters;  should  be  lighted  by  oil  lamps  (not  ])etroleum  pro- 
ducts ;  si)erm  or  lard  oil  is  recommended),  and  should  be  unbarred  from 
the  opening  of  the  theatre  until  it  is  closed.  Before  tiie  clo.se  of 
every  performance  tliey  should  be  opened,  that  the  extra  exits  may 
become  known  to  the  public. 

Third.  All  doors  should  oj)en  outwards. 

Fourth.  Bannisters  or  railings  shoidd  be  fastened  to  the  walls  of  all 
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stairways;  they  should  be  fitted  into  gi'ooves  in  the  wall;  enough 
room  being  left  between  the  rail  and  the  groove  to  allow  hands  to  slide 
freely  on  the  rail. 

Fifth.  Long  rows  of  seats  should  not  be  permitted.  Rows  should 
be  cut  by  an  aisle  at  least  at  every  twenty  feet. 

Sixth.  Movable  seats  should  not  be  allowed.  Seats  should  be 
tightly  screwed  to  the  floor.  Fixed  chairs  with  a  spring  attachment, 
which  throws  back  the  seats  when  not  occupied,  are  strongly  recom- 
mended. 

Seventh.  No  scenery,  properties,  materials,  or  impediments  of  any 
description  should  be  allowed  to  remain  in  corridors. 

Eighth.  The  stage  should  be  divided  from  the  auditorium  by  a  fire- 
proof drop  curtain.  Transparent  wire  curtains  should  not  be  used  for 
this  purpose. 

Ninth.  The  fire-proof  drop  curtain  should  be  kept  down  at  all 
times  except  during  rehearsals  and  performances ;  after  which  it  should 
be  immediately  let  down,  and  not  raised  until  fifteen  minutes  before 
the  beginning  of  the  next  performance. 

Tenth.  Doors  and  openings  in  the  proscenium  wall  should  be  with, 
stone  sills,  iron  lined  (on  both  sides),  and  should  be  self-closing. 

Eleventh.  The  system  of  lighting  the  stage  should  be  separated  from 
that  of  lighting  the  auditorium;  each  should  have  a  distinct  feed-pipe 
or  circuit. 

Twelfth.  Gas  flames  should  (without  exception)  be  covered  by  wire 
baskets.  These  baskets  are  to  be  made  sufficiently  large,  so  that  the 
wire  may  never  be  heated  to  a  greater  temperature  than  250°. 

Tliirteenth.  Border  and  foot  lights  should  be  lighted  by  electricity,. 
not  with  an  open  light. 

Fourteenth.  Every  theatre  should  be  supplied  with  a  sufficient 
number  of  fire  hydrants,  with  hose  and  nozzle  attached  ready  for 
instant  use,  and  not  removable. 

Fifteenth.  A  large  reservoir,  holding  at  least  eight  thousand  gallons, 
should  be  placed  over  the  auditorium  ceiling;  kept  at  all  times  full  of 
water,  connecting  with  the  stand-pipes,  and  not  allowed  to  freeze. 

Sixteenth.  A  sufficient  number  of  fire  buckets  (used  in  case  of  fire 
only)  kept  always  filled  should  be  distributed  conspicuously  over  the 
premises. 

Seventeenth.  Every  theatre  should  have  a  number  (varying  with  the 
size  of  the  theatre)  of  fireman. 
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Eighteenth.  In  order  to  keep  control  of  the  various  theatres,  a 
theatre  inspector  should  be  appointed  in  each  town,  who  should  have 
full  power  to  enter  every  theatre  at  any  moment,  and  whose  duty  it 
should  he  to  see  that  these  or  other  suggestions  made  law  bv  an  act 
of  legislature,  m-e  faithfully  carried  out. 

Nineteenth.  The  testing  of  all  gas  pipes,  hydrants,  and  fire  appli- 
ances should  be  |>erformed  at  least  four  times  a  year,  and  oftener  if 
the  theatre  inspector  requires. 

Twentieth.  Every  theatre  should  be  connected  with  the  nearest 
fire  station  by  numerous  electric  alarms,  most  of  which  should  be 
automatic. 

Iwenty-jirst.  The  theatre  should  be  patroled  at  day  and  night,  by 
watchmen,  who  should  be  controlled  by  watch-clocks,  distributed  over 
various  parts  of  the  building. 

Twenty-second.  Xo  smoking  should  be  allowed  in  the  theatre,  except 
where  required  on  the  stage  in  the  representation  of  plays. 

Twenty-third .  Xo  swinging  gas  brackets  should  be  allowwl  in  any 
part  of  the  theatre. 

Twenty-fourth.  Woodwork  which  is  within  eighteen  inches  of  a  gas 
flame  should  be  covered  with  sheet  iron  or  tin,  but  in  such  a  manner 
that  air  may  circulate  between  the  iron  and  the  wood. 

Twenty-fifth,  Border  lights  should  be  so  enclosed  that  no  part  of 
the  enclosing  body  may  be  heated  to  a  higher  temperature  than  250° 
Fahrenheit. 

Twenty-sixth.  Where  heaters  are  employed  the  registers  should  be 
covered  by  fine  wire  netting,  and  at  least  one-fifth  of  the  registers 
should  be  so  arranged  that  they  ciuinot  be  closed. 

Twenty-seventh.  Scenery  and  other  stage  su|)plies  should  not  be 
stored  on  the  stage,  but  in  a  sepa rate  ^re-proo/ dock. 

l)joenty-ei(jhth.  Xo  more  scenery  should  be  put  upon  the  stage  than 
is  necessary  for,  at  most,  two  performances. 

Twenty-ninth.  The  use  of  fireworks,  Roman  candles,  red  fires,  etc., 
should  only  l)e  permitted  when  it  has  been  shown  to  the  "  Theatre 
Inspectors'^  satisfaction  that  the  scenery  and  gauzes  have  Ix'cn  impreg- 
nated by  proper  substances,  and  that  the  woodwork  has  been  covered 
by  some  satisfaclorv  solution. 

Thirtieth.  Wads  of  jjistols  and  guns  should  he  of  imii-  only  (not 
paper  or  cotton). 

Thirty-first.  If  straw,  hay  or  any  other  easily  inflammable  substance 
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be  required  in  a  scene,  it  should  be  removed  to  a  fire-proof  place  imme- 
diately after  the  scene  in  which  it  is  used. 

Thirty-second.  A  large  smoke  flue  should  ho.  provided  above  the 
stage.     Automatic  devices  are  recommended. 

Thirty-third.  That  the  public  itself  may  have  control  in  this  matter, 
a  complaint  book  should  in  every  theatre  be  laid  open  to  the  public, 
where  any  individual  may  enter  any  faults  of  construction  or  arrange- 
ment which  he  has  noticed.  This  book  should  not  be  the  property  of 
the  proprietor  of  the  theatre,  but  should  belong  to  the  "Theatre 
Inspector,"  the  Fire  Mai-shal,  and  Building  Inspector  of  the  city. 

Thirty-fourth.  Numerous  permanent  iron  ladders  should  be  fixed  on 
the  outside  of  the  building,  so  that  the  firemen  may  readily  enter  the 
theatre  while  the  corridors  are  still  filled  by  the  departing  audience. 

Thirty-fifth.  Oil  lamps  should  be  cleaned  and  trimmed  in  a  separate 
lamp  and  oil  room,  where,  also,  the  oil  should  be  stored.  Oily  rags 
and  waste  should  be  kept  in  small  quantities  only,  and  in  iron  boxes 
closed  by  an  iron  lid,  and  standing  on  brick,  or  other  fire-proof  sub- 
stance, and  as  soon  as  they  accumulate  should  be  burnt. 

Thirty-sixth.  The  workshops  and  paint  loft  should  be  outside  of  the 
stage  building. 

Thirty-seventh.  Automatic  sprinklers  and  steam  jets  should  be  placed 
over  and  on  the  stage.  (The  theatres  of  Boston  are  required  by  law 
to  protect  the  stage  by  a  system  of  automatic  sprinklers.  In  Novem- 
ber, 1882,  a  fire  was  extinguished  at  the  Providence  Theatre  Comique, . 
during  a  play,  by  automatic  sprinklers,  with  so  little  injury,  even  to 
the  scenery,  that  the  performance  was  not  stopped). 

Thirty-eighth.  Ground  plans  of  tiie  auditorium,  giving  a  clear  idea 
of  the  building,  corridors,  stairways,  etc.,  should  be  prominently 
located  in  the  halls,  and  should  be  printed  on  the  back  of  programmes. 

Your  committee  is  well  aware  of,  and  have  followed  with  sympathy 
and  hearty  approval  the  labors  of  the  Asphaleia,  a  society  of  prominent 
German  and  Austrian  technologists,  who  have  made  it  their  purpose 
to  construct  a  theatre  up  to  the  requirements  of  our  time,  which  should 
not  only  fulfil  all  technical  qualities,  but  bring  the  theatre  to  an  artis- 
tic perfection  which  it  now  lacks.  This  work  your  committee  thinks 
they  have  almost  accomplished,  and  all  new  theatres  should  be  built 
according  to  their  suggestions. 

Your  committee  has  tried  to  correct  objectionable  and  suggest  better 
features  in  theatres  as  they  now  exist,  and  has  especially  tried  to  make 
suggestions  in  reference  to  American  theatres. 
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Your  committee  at  first  intended  to  inspect  and  report  on  all  thea- 
tres of  Philadelphia,  as  Mas  done  by  a  similar  committee  of  the  Citi- 
zens' Association  of  Chicago,  but  on  due  consideration  doubted  whether 
it  was  vested  with  sufficient  power  by  the  Institute  to  carry  this  plan 
into  effect. 

Your  committee  in  closing  its  report  cannot  help  referring  to  two 
most  necessary  factore  in  reforming  our  theatres.  (1)  The  education 
of  the  public  on  this  subject  by  popular  lectures,  articles  and  papers  : 
and  (2)  the  co-operation  of  prominent  mechanics  and  scientists.  While 
the  mechanical  engineer  of  to-day,  through  the  arm  of  a  child,  moves 
enormous  loads  by  his  hydraulic  cranes,  the  numerous  lioisting  appara- 
tuses of  the  stage  are  of  a  truly  pitiable  simplicity. 

The  problem  of  building  theatres  properly,  is  eminently  one  of  the 
mechanical  engineer,  and  will  never  be  solved  if  the  technical  resources 
of  our  age  are  not  taken  into  account,  and  brought  to  bear  on  the 
question. 

C.  John  Hexamer,  C.  E. 

Thomas  Shaw,  M.  E. 

Henry  R.  Heyl. 

Minority  Report. 

Philadelphia,  April  18th,  1883. 
The  undersigned  heartily  ai)proves  all  of  the  foregoing  except  the 
thirty-second  recommendation,  page  4o8,  for  a  smoke  flue  above  the 
stage,  and  that  portion  on  the  same  page  which  refers  to  the  work  of  the 
Asphaleia,  concerning  which  he  has  no  personal  knowledge.  He  con- 
siders a  smoke  flue  above  the  stage  as  in  the  highest  degree  dangerous, 
and  calculated  to  increase  the  draft  and  strengthen  the  flames,  produc- 
ing a  general  conflagration  instead  of  a  local  blaze. 

Robert  Grimshaw. 


Imitation  Caoutchouc. — Dankworth  and  Landers,  of  St.  Peters- 
burg, have  inv('iit(<l  a  coniposition  wliich  is  clastic,  tough,  waterproof 
and  insulating,  and  whicji  is  applicable  to  nearly  all  the  purposes  for 
which  India  rubber  is  used.  It  is  composed  of  a  mixture  of  wood 
and  coal  tar,  linseed  oil,  ozokerit,  spermaceti  and  sulj)hur,  wliich  are 
thoroughly  mixed  and  heated  for  a  long  time,  in  large  vessels,  by 
means  of  superheated  steam. — Ackermann's  GewerhezeiCg.  C. 
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THE  SECOND  LAW  OF   THERMO-DYNAMICS. 


By  H.  T.  Eddy,  Ph.D.,  University  of  Cincinnati. 

Professor  De  Volson  Wood  has,  in  the  May  number  of  this  Journal, 
attempted  to  show  the  geometric  and  mechanical  impossibility  of  the 
process  I  have  suggested  for  interfering  with  the  ordinary  exchanges 
of  radiant  heat  between  bodies.  His  mistake  is  in  substituting  a  mill 
of  his  own  invention  for  mine,  and  different  from  mine,  and  then  show- 
ing that  his  mill  will  not  work,  as  it  certainly  will  not.  In  constructing 
his  mill  he  has  evidently  placed  his  reflectors  c,  at  right  angles  to  the 
path  of  the  ray.  But  I  have  made  no  such  assumption  in  regard  to 
the  proposed  position  of  my  reflectors,  for  I  say  on  the  first  page  of  my 
original  article :  ''  Let  the  surface  of  c  which  faces  h  be  perfectly  reflect- 
ing, and  let  the  parts  between  its  apertures  be  either  concave  or  a 
series  of  inclined  planes  so  directed  that  each  of  the  projectiles  will 
pass  back  through  one  of  the  apertures  in  6."  Is  it  denied  that  they 
can  be  so  directed  ?  They  certainly  can  be  so  directed,  even  though 
"  the  apertures  are  so  placed  that  a,  c,  h,  are  upon  one  (and  the  same) 
straight  line,"  as  I  have  stated  them  to  be,  instead  of  being  upon  dif- 
ferent lines,  as  Professor  Wood  has  placed  them. 

That  this  inclined  position  of  the  reflectors  is  contemplated  all 
through  my  paper  is  seen  also  from  a  sentence  on  the  page  next  to  the 
last,  where  I  say  that  the  "  vanes  (of  the  screen  c)  may  be  so  inclined 
as  to  return  radiations  coming  from  B  partly  to  apertures  in  front  of 
those  from  which  they  emanated  and  partly  to  those  behind."  In 
fact,  the  very  proof  on  which  Professor  Wood  relies  to  show  that  his 
mill  will  not  work,  demonstrates  beyond  doubt  that  ray  mill  will  work, 
for  the  part  of  his  mill  which  stops  radiations  from  A  is  just  where  I 
have  an  aperture  to  allow  them  to  pass. 


Change  of  Volume  in  Galvanizing.— E.  Bouty  has  found  by 
recent  observations  that  the  variations  of  volume  in  galvanic  deposits, 
which  exercise  a  pressure  upon  the  moulds,  and  the  Peltier  phenome- 
non at  the  surfaces  of  contact,  are  mutually  connected.  He  finds  a 
certain  intensity  of  current,  which  he  calls  the  neutral  point  of  tem- 
perature. In  all  higher  intensities  the  electrode  heats,  and  in  lower 
intensities  it  cools,  during  the  process  of  deposition. — Comptes  Rendus. 
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ON   THE   PRESENT   CONDITION   OF   THE   SODA 
INDUSTRY. 


By  Walter  Weldox,  F.R.S. 

[Abstract  of  a  paper  read  before  tlie  Society  of  Chemical  Industry,  January  8,  1883.] 


About  a  fortnight  ago  the  Times  spoke  of  the  manufacture  of  soda 
by  the  I^eblanc  process  as  being,  "to  some  extent,  a  dying  industry." 
Although  I  hope  to  .<how  tliis  evening  ground  for  believing  that  that 
industry  is  not  going  to  die  just  yet,  it  has  certainly  for  some  time  past 
been  in  a  condition  by  no  means  satisfactory  to  tlie  greater  number  of 
those  whose  cai)ital  is  engaged  in  it.  For  manufacturers  of  soda,  by 
the  Leblanc  process,  recent  years  have  been  years  in  very  many  cases 
of  loss,  and  in  not  a  few  cases,  of  disaster.  (,)f  twenty-five  alkali 
works  which  were  in  operation  in  the  neighbcrhood  of  Newcastle-on- 
Tyne  a  ver}-  few  years  ago,  only  thirteen  are  in  operation  now;  and 
•of  the  other  twelve*  not  fewer  than  eight  have  been  actually  dis- 
mantled, in  utter  dispair  of  its  ever  again  being  possible  to  manu- 
facture soda  in  them  by  the  Lebhmc  process,  except  at  an  absolute 
loss.  The  alkali-making  districts  of  Lancashire  have  advantages  over 
the  Newcastle  district  in  respect  alike  of  the  price  of  salt,  of  facilities 
for  suj)p]ying  the  American  market,  and  of  nearness  to  certain  of  the 
great  English  centres  of  soda  consumption;  but,  nevertheless,  even  iii 
Lancashire  .some  seven  or  eight  alkali  works  are  standing  idle,  and  but 
few  of  tlie  others  are  working  up  to  their  full  capacity.  In  Belgium, 
"where  tiiere  are  five  or  six  works  which  formerly  made  soda  by  the 
Leblanc  process,  matters  are  even  worse,  since  in  that  country  the 
manufacture  of  licblanc  soda  has  entirely  ceased.  The  only  other 
European  countries  in  which  the  soda  industry  as  yet  exists  are 
France,  Germany  and  Austria. 

From  informatioti  kindly  sn|)pli('d  to  me  by  manufacturers  in  all 
the  countries  in  which  the  soda  industry  is  j)ractised,  I  have  been 
■enabled  to  draw  up  a  statement  of  the  present  total  soda  production  of 
the  world,  and  of  the  proportions  in  which  that  production  is  divided 
between  the  Leblanc  process  aud  the  ammonia  process.     In  drawing 

*  The  quantity  of  .salt  decomposed  in  these  twelve  works  was  about 
•67,000  ton.s  a  year.  The  (juantity  (kvoniposed  in  the  thirteen  works  still  in 
operation  is  about  220,000  tons  a  year. 
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up  the  followinty  table,  I  have  converted  all  the  figures  supplied  to  me^ 
alike  those  for  soda  ash,  those  for  crystals,  those  for  caustic  soda^ 
those  for  bicarbonate,  and  those  for  black  ash  sold  as  such,  into  term& 
of  pure  Na2C03 : 


PRESENT    SODA    PRODUCTION    OF    THE    WORLD. 


Leblanc  soda. 


Ammonia 
soda. 


Totals. 


Ammonia 
soda  per  cent> 
of  total  soda. 


Great  Britain.. 

France 

Germany 

Austria 

Belgium 

United  States- 
Total... 


380,000 
70,000 
56,500 
39,000 


545,500 


52,000 

57,125 

44,000 

1,000 

8,000 

1,100 

163,225 


432,000 

127,125 

100,500 

40,000 

8,000 

1,100 


708,725 


J  2-0 

44-9 

43-8 

2-5 

100-0 

100-0 


23-0 


This  table  shows  that  the  total  quantity  of  soda  now  being  manu- 
factured annually  is  nearly  710,000  tons,  and  that  of  this  quantity 
more  than  163,000  tons  are  produced  by  the  ammonia  process. 

Although  it  is  now  more  than  forty-seven  years  since  the  ammoniai 
process  was  first  proposed  by  Dyer  and  Hemming,  it  is  less  than  seven- 
teen years  since  that  process  Avas  first  realized  industrially.  As  an 
industrial  process,  capable  of  being  worked  continuously  and  with  satis- 
factory commercial  results,  the  ammonia  process  dates  only  from  1866^ 
being  the  year  in  which  M.  Ernest  Solvay,  of  Brussels,  began  to  pro- 
duce ammonia  soda  at  works  which  he  had  established  for  the  purpose 
at  Couillet,  near  Charleroi.  M.  Solvay  has  now  two  other  ammonia, 
soda  works  in  operation, — one  in  France,  at  Varangeville-Dombasle, 
near  Nancy,  and  one  in  South  Germany,  at  Whylen,  in  the  Grand 
Duchy  of  Baden, — and  by  his  courtesy  I  am  enabled  to  place  before 
you  the  following  statement  of  the  quantities  of  ammonia  soda  which 
he  has  manufactured  in  each  complete  twelve  months  from  May  1st, 
1866: 
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1866-67 
1867-68 
1868-69 
1869-70 


Tons. 
1791 
465 
719 
940 


1870-71 .."■■.■. 1,862  rCouillet  only. 

1871-72 2,805 

1872-73 3,423 

1873-74 3.980 

1874-75 4,678  J 

1875-76 5,768) 

1876-77 11,579  I 

1877-78 19,247  j-Couillet  and  Dombasle. 

1878-79 25,023 

1879-80 32,326  J 

1880-81 42,669> 


1881-82 53,400  i 


Couillet,  Doinbasle,  and  Wyhlen. 


These  figures  come  down  to  the  30th  April  last.  Since  that  date^ 
however,  M.  Solvay  has  increased  his  production  by  nearly  60  tons 
per  day,  or  21,000  tons  per  annum,  so  that  he  is  now  making  ammonia 
soda  at  the  rate  of  nearly  75,000  tons  a  year.  He  is  thus  making 
ammonia  soda  on  nearly  three  times  the  scale  on  which  he  was  making- 
it  four  years  ago,  and  on  nearly  twice  the  scale  on  which  he  was 
making  it  only  two  years  ago.  In  France  and  Germany,  M.  Solvay's 
great  success  has  tempted  other  manufacturers  into  the  field,  and 
although  none  of  them  are  as  yet  large  makers,  their  total  pro- 
duction amounts  to  fully  35,000  tons  per  annum,  raising  the  totat 
Continental  production  of  ammonia  soda  to  about  110,000  tons  per 
annum,  out  of  a  total  production  by  both  processes  of  275,000  tons. 
Of  the  total  soda  now  being  made  on  the  Continent,  therefore,  about 
forty  per  cent,  is  being  made  by  the  ammonia  process.  While  the 
quantit}'  of  Leblanc  soda  made  in  France  has  neither  increased  nor 
diminished  during  the  last  few  years,  the  quantity  of  Leblanc  soda 
made  in  Germany  and  Austria  has  increased  by  several  times  the 
quantity  formerly  made  in  I>elgium,  so  that  not  only  these  110,000 
tons  of  ammonia  soda  per  annum,  but  also  fully  25,000  tons  per 
annum  of  Leblanc  soda,  have  been  adde<l,  comparatively  recently,  to 
the  soda  production  of  the  Continent ;  going  partly  to  supply  increased 
consumption,  but  largely  to  diminish  importation  from  England.  And 
of  this  vast  increase  in  the  Continental  production  of  soda,  four-fifths 
of  which  increase  is  due  to  the  ammonia   process,  two-thirds  have 
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sprung  iuto  existence  within  the  last  five  years,  and  a  large  part  of 
those  two-thirds  within  only  two  years. 

In  England,  within  the  last  two  years,  the  production  of  ammonia 
soda  has  been  nearly  trebled.  The  ammonia  process  is  practised  in 
this  country  as  yet  only  by  one  firm.  In  1873  it  was  not  in  operation 
in  this  country  at  all.  In  that  year  our  Honorary  Foreign  Secretary, 
Mr.  Ludwig  Mond,  arranged  with  M.  Solvay  for  the  right  to  work 
under  his  patents  in  this  country,  and  in  the  following  year,  in  con- 
junction with  Mr.  J,  T.  Brunner,  Mr.  Mond  began  to  make  ammonia 
soda  at  Winnington,  near  Northwich.  Messrs,  Brunner  and  Mond 
began  on  a  very  modest  scale,  their  production  in  1875  not  exceeding 
2,500  tons;  but  in  1878  their  production  rose  to  10,000  tons;  in  1880 
it  was  18,800  tons;  and  it  is  noAV  at  the  rate  of  not  less  than  52,000 
tons  per  annum,  or  at  very  nearly  three  times  the  rate  of  only  two 
years  ago. 

The  competition  of  the  ammonia  process  with  the  Leblanc  process 
has  thus  attained  its  present  degree  of  seriousness  only  very  recently 
indeed.  It  has  come  upon  the  makers  of  Leblanc  soda  almost  like  a 
thunderbolt  out  of  a  clear  sky. 

And,  serious  as  that  competition  is  already,  it  is  about  to  become 
even  more  serious  still.  Not  only  is  it  to  be  expected  of  the  existing 
ammonia  soda  works  that  those  of  them  which  have  recently  so  greatly 
increased  their  production,  and  that  those  of  them  which  have  more 
recently  started  will  grow  as  the  older  ammonia  soda  works  are  being 
built.  M.  Solvay,  who  has  already,  as  I  have  said,  a  work  in  opera- 
tion in  South  Germany,  besides  his  French  and  Belgian  works,  and 
w^ho  is  already  by  far  the  largest  soda  maker  in  the  world,  will  soon 
have  a  work  in  operation  in  North  Germany  also,  at  Bernburg,  near 
Stassfurt;  and  he  is  now,  moreover,  erecting  a  work  in  Russia,  and 
also  a  work  in  the  United  States,  and  is  on  the  point  of  commencing 
the  erection  of  a  work  in  Austria,  so  that  by-and-by  he  will  be  making 
soda  in  no  fewer  than  seven  distinct  works,  in  six  different  countries. 
In  addition  to  all  this,  a  large  work  to  make  ammonia  soda,  not  on 
M.  Solvay's  system,  but  on  a  system  modified  from  that  practised  at 
Dieuze,  is  being  erected  near  Stassfurt  by  the  Company  of  Buckau ; 
an  ammonia  soda  work  is  building,  and  will  be  started  in  the  spring, 
at  Favorznow,  near  Cracow ;  and  one  is  about  to  be  built  at  Sieben- 
burgen,  in  Transylvania,  not  to  speak  of  the  intention  of  Messrs.  Bell 
Brothers  to  build  an  ammonia  soda  work  at  Middlesbrough.     The 
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new  works  which  are  thus  in  course  of  construction,  and  some  of 
which  are  nearly  completed,  will  throw  on  the  market  more  ammonia 
soda,  to  the  extent  of  not  less,  from  the  commencement,  than  from 
65,000  to  70,000  tons  a  year.*  For  Leblanc  soda  makers  it  is  thus  as 
though  ammonia  soda  had  latterly  rained  from  the  skies  during  two 
days  out  of  every  three,  and  the  shower  were  now  on  the  point  of 
becoming  continuous. 

While  face  to  face  with  so  serious  an  amount  of  competition,  actual 
and  imminent,  on  the  part  of  the  ammonia  process,  the  Leblanc  pro- 
cess pure  and  simple  is  now  further  threatened  with  what  is  surely  the 
"  most  unkindest  cut  of  all,"  namely,  with  competition  from  the 
Leblanc  process  itself,  combined  Avith  the  extraction  of  copper  from 
Spanish  pyrites. 

To  explain  how  this  has  come  about,  I  must  remind  you  that  the 
sulphuric  acid  used  in  the  Leblanc  process  is  now  invariably  manu- 
factured from  the  sulphur  of  pyrites ;   that  the  pyrites  used  in  this 

*  As  no  complete  list  of  ammonia-soda  works  has  yet  been  published,  it 
may  be  interesting  here  to  give  one.  The  following  list  includes  all  the 
works  now  actually  in  operation  : 


England : 

Winnington, 
Sundbach. 

Germany : 

Wyhlen, 

Duisburg, 

Inowrazlaw, 

Grevenberg, 

Dieuze, 

Trotha, 

Heilbronn, 

Niirnberg, 

Rothenfelde. 


France : 

Dombasle, 
Giraud, 
Sorgues, 
St.  Denis, 
Lille. 

Belgium: 

Couillet. 

Austria  : 

Boszko. 


United  States  : 
Bay  City. 
Ammonia-soda  works  are  now  being  built  in  tiie  following  localities; 

Austria  :  l       Germany  : 

Favorznow,  Stassfurt, 

Siebenburgen.  i  Bernburg. 


Russia  : 

Berenski. 


United  States; 
Syracuse. 


There  is  a  reason  why  the  locality  of  the  works  about  to  be  built  by  M. 
Solvay,  in  Austria,  may  not  yet  be  published. 
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•country  is  now  almost  exclusively  either  Spanish  or  Portuguese  pyrites, 
■coutaiuii^  two  or  three  per  cent,  of  copper  and  very  small  quantities 
of  silvci*  and  gold ;  that  after  most  of  the  sulphur  has  been  burnt  off 
from  the  pyrites,  as  the  first  step  in  the  manufacture  of  sulphuric  acid, 
the  residual  "  burnt  ore,"  or  "  pyrites  cinders,"  as  it  is  called,  is  treated 
by  the  yvet  way  for  the  extraction  from  it  of  copper,  and  in  most  cases 
now  of  gold  and  silver  also  ;*  and  that  what  remains  when  these  have 
been  extracted  is  an  almost  pure  oxide  of  iron,  which  finds  a  ready 
sale  for  use  for  various  purposes  in  connection  with  the  manufacture 
of  iron  and  steel.  The  supply  of  this  cupreous  pyrites  is  for  the  most 
part  monopolized  by  three  great  companies, — the  Tharsis  Company, 
the  Rio  Tinto  Company,  and  Messrs.  Mason  and  Barry.  These  com- 
panies not  only  supply  nearly  the  whole  of  the  pyrites  used  in  the  manu- 
facture of  sulphiu'ic  acid  in  England,  but  the  Rio  Tinto  Company  also 
supplies  annually  some  60,000  tons  of  pyrites  to  Germany,  and  is  also 
beginning  to  send  pyrites  into  Austria.  N9ne  of  the  three  companies, 
-however,  has  been  able  to  sell  an  ounce  of  pyrites  in  France. 

The  reason  of  this  is  that  in  France  itself  there  are  two  large 
deposits  of  pyrites,  both  belonging  to  soda  makers:  one  belonging  to 
the  Compagnie  de  St.  Gobain  and  the  other  to  MM.  Pechiney  et  Cie. 
Each  of  these  companies  itself  uses  its  own  pyrites ;  and  the  former 
of  them  supplies  with  pyrites  the  greater  number  of  the  other  alkali 
makers  in  the  North  of  France,  while  the  latter  supplies  with  pyrites 
all  the  other  alkali  makers  of  the  South  of  France.  It  has  obviously 
been  impossible  to  sell  Spanish  pyrites  to  either  of  the  two  great  soda 
making  firms,  each  of  which  thus  has  pyrites,  and  by  no  means  dear 
pyrites,  of  its  own,  and  each  of  which  is  a  large  seller  of  pyrites  to 
other  soda  makers ;  and  tlie  other  soda  makers,  for  the  most  part,  have 
been  precluded  from  even  considering  the  question  of  changing  to 
Spanish  pyrites,  if  only  by  reason  of  the  French  habit  of  contracting 
for  the  supply  of  raw  materials  over  very  long  periods.  A  French 
manufacturer's  contract  for  raw  materials  is  generally  a  contract  for 
fifteen  years ;  and  most  of  the  French  soda  makers  are  now  obtaining 

*  A  German  analysis  of  Rio  Tinto  pyrites  gives  the  following  results  per 
1,000  kilos: 

495  kilos,  sulphur.  26  grammes  silver. 

430  kilos,  iron.  180  miligrammes  gold. 

.30  kilos,  copper.  150  grammes  bismuth. 

10  kilos,  lead. 
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their  pyrites  under  contracts  which  liave  yet  a  considerable  time 
to  run. 

Under  these  circumstances  the  Rio  Tinto  Comijany  has  taken  a 
remarkable  step.  To  understand  the  motive  to  this  step  it  must  be 
borne  in  mind  that  while  French  pyrites  does  not  contain  copper,  and 
-SO  has  scarcely  any  value  beyond  that  of  the  sulphur  which  it  contains, 
Spanish  pyrites  has  a  considerable  value  in  addition  to  its  sulphur 
value.  While  the  value  of  Spanish  pyrites  for  the  sulphur  in  it  is 
•equal  to  that  of  the  best  non-cupreous  pyrites,  its  value  for  copper  is 
greater  than  its  value  for  sulphur,  and,  not  to  speak  of  its  value  as 
regards  precious  metals,  it  has  also  a  considerable  value  for  its  iron. 
In  this  country,  the  cinders  left  after  as  much  as  possible  of  the  sulphur 
of  non-cupreous  pyrites  has  been  burnt  off,  are  considered  to  have  no 
value  at  all ;  and  even  in  France,  where  the  import  duty  on  cast  iron 
is  greater  than  the  present  price  of  Glasgow  pigs,  and  where  all  forms 
of  iron  are  therefore  appreciably  more  valuable  than  in  this  country, 
the  cinders  of  non-cupreous  pyrites  are  not  worth  more  than  3f.  per  ton. 
They  always  contain  sulphur,  and  sometimes  contain  phosphorus. 
The  cinders  of  cupreous  pyrites,  before  treatment  for  the  extraction  of 
■copper  from  them,  also  contain  sul}>hur,  and  in  larger  quantity  than 
the  cinders  of  non-cupreoas  pyrites ;  but  the  treatment  to  which  they 
-are  subjected  for  the  extraction  of  their  copper  removes  the  whole  of 
their  sulphur,  and  also  the  whole  of  their  phosphorus,  if  they  have 
contained  any,  leaving  a  residual  oxide  of  iron  of  great  purity.  This 
residual  oxide,  or  "purj)le  ore,"  as  it  is  called,  now  sells  in  this  coun- 
try for  12s.  per  ton,  and  in  France  it  would  doubtless  command  a 
iiigh^r  price. 

Now,  in  this  country  a  state  of  things  has  grown  up  under  which 
the  manufacture  of  Leblanc  soda  derive  no  advantage  from  the  value 
for  copper  and  iron  of  the  pyrites  which  they  employ.  The  treatment 
of  the  cindei-s  of  the  cupreous  pyrites  has  become  in  this  country  a 
separate  industry,  practised  only  in  a  few  instances  by  alkali  makers 
themselves,  but  practised  for  the  most  part  by  companies  or  individuals 
who  do  not  make  s(xla,  but  who  either  buy  from  soda  makers  the  cin- 
ders or  pyrites  of  which  tiie  soda  makc^-s  have  bought  both  values,  the 
•coj)per  value  as  well  as  the  .-ulphur  value,  or  themselves  buy  both 
values,  selling  only  tlic  sulphur  value  to  the  soda  makers,  or  else  buy 
direct  from  the  pyrite  sellers  the  copper  value  only  ;  the  pyrite  sellers 
in  such  ca.ses  selling  the  <'oj)])er  value  of  their  jwritcs  to  one  purcluiser 
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and  its  sulphur  value  to  another.  It  is  an  industry  which  yields  fair 
commercial  profits,  so  that  soda  makers  may  be  incurring  actual  loss^. 
while  those  who  deal  with  the  cinders  of  the  pyrites  from  which  the 
soda  makers  have  burnt  oiF  sulphur  are  at  least  making  a  living. 
And  while  the  treatment  of  the  cinders  of  Spanish  pyrites  is  fairly 
profitable  in  this  country,  the  greater  value  of  iron  and  iron  ores  there 
than  here  would  doubtless  render  it  more  profitable  in  France.  It  is 
true  that  coal  is  more  costly  in  France  than  in  England ;  but  the 
quantity  of  coal  required  for  treating  pyrite  cinders  is  not  great. 

The  course,  then,  which  the  Rio  Tinto  Company  is  taking  is  this^ 
Unable  to  sell  its  pyrites  to  the  French  Leblanc  soda  makers,  it  has 
determined  that  the  Leblanc  soda  made  in  France,  or  at  least  a  large 
part  of  it,  shall  nevertheless  be  made  by  means  of  Rio  Tinto  pyrites,, 
and  to  this  end  it  has  promoted  a  subsidiary  company,  "  La  Compagnie 
d'Exploitation  des  Minerals  de  Rio  Tinto,"  which  company  is  to  make 
Leblanc  soda  in  France  and  elsewhere,  relying  for  its  profits  neither 
on  soda  nor  on  chlorine,  but  on  copper  and  oxide  of  iron.  For  this 
company  soda  and  chlorine  will  be  simply  by-products,  which  it  will 
be  glad  to  sell  at  a  profit,  if  that  may  be,  but  which,  if  that  may  not 
be,  it  will  be  content  to  sell  at  the  bare  cost  of  manufacturing  them. 
It  will  manufacture  them  only  for  the  sake  of  converting  Rio  Tinto 
pyrites  into  pyrite  cinders. 

This  new  company  proposes  to  operate  upon  an  enormous  scale.  It 
has  a  capital  of  £1,200,000  sterling,  of  which  one-half  is  already 
paid  up,  and  there  is  talk  of  its  building  in  France  no  fewer  than  five 
great  works ;  one  of  which,  designed  and  to  be  managed  by  English- 
men, it  has  already  commenced  in  the  neighborhood  of  Marseilles.  - 
The  result  cannot  but  be  grave  for  the  existing  French  Leblanc  soda, 
makers,  and  must  inevitably  aifect  the  makers,  both  of  Leblanc  soda 
and  of  ammonia  soda,  in  this  country  also. 

Moreover,  this  new  company  will  not  confine  its  operations  to 
France.  Not  only  will  it  take  Spanish  pyrites  to  the  United  States, 
and  there  make  sulphuric  acid,  extract  copper,  and  obtain  "  purple 
ore,"  large  quantities  of  which  at  present  go  from  England  to  America,, 
but  it  will  also  build  a  large  soda-making  and  copper-extracting  works,, 
which  will  certainly  aifect  the  English  alkali  trade,  in  the  neighbor- 
hood of  Antwerp.  The  Leblanc  process  will  thus  be  reintroduced 
into  Belgium,  not  as  a  substantive  process,  but  simply  as  a  part  of  a 
combination  of  processes  for  the  utilization  of  cupreous  pyrites. 
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To  such  complexion  has  the  Leblanc  process  come  at  last.  Origi- 
nally, soda  was  its  only  commercial  product,  the  hydrochloric  acid  pro- 
duced during  the  first  stage  of  it  being  turned  to  no  account.  In  time 
a  demand  grew  up  for  chlorine,  that  hydrochloric  acid  began  to  be 
utilized,  and  the  manufacturers  of  Leblanc  soda  now  sent  into  the 
market  two  products,  by  each  of  wbich  ihey  gained  profits.  Then 
their  soda  ceased  to  be  profitable,  and  became  a  kind  of  by-pnxluct, 
wliich  they  continued  to  make  only  because  they  could  not  otherwise 
make  chlorine.  Xow,  Leblanc  soda  gives  no  profit  at  all,  and  chlorine 
none  to  speak  of;  and  both  have  come  to  be  regarded  as  secondary 
products,  to  be  made  only  incidentally,  and  only  because  making  them 
is  essential  to  the  application  to  certain  ores  of  the  wet  method  of 
extracting  copper. 

Returning  to  the  ammonia  process,  when  that  process  first  began  to 
threaten  them,  the  makers  of  Leblanc  soda  comforted  themselves  by 
two  considerations;  one  of  which  was  that  the  ammonia  process  must 
itself  tend  to  check  its  own  extension,  by  reason  of  the  loss  of  ammonia 
inseparable  from  that  process  so  increasing  the  demand  for  ammonia 
as  to  materially  raise  the  price  of  that  body.  They  knew  that  the 
constantly-increasing  demand  for  ammonia  for  the  purposes  for  which 
it  was  already  employed  had  doubled  its  price  within  twenty  years ; 
and  they  thought  that  every  further  extension  of  the  ammonia  soda 
process  must  still  further  increase  the  market  value  of  ammonia,  until 
at  length  the  ammonia  i)roccss  would  cea^eto  have  any  advantage  over 
the  Leblanc  process.  So  far,  however,  from  that  anticipation  having 
been  realized,  despite  the  immense  extension  which  the  ammonia  soda 
process  has  recently  undergone,  the  price  of  ammonia  is  now  beginning 
to  fall.  The  delusion  that  it  was  imjwssible  to  collect  the  ammonia 
given  off  from  coke  ovens  without  spoiling  the  coke  is  at  last  giving 
way  before  accomplished  facts.  xVmmonia  is  now  being  obtained  com- 
mercially, not  only  from  coke  ovens,  but  also  from  another  source, 
wholly  unforeseen  and  unex})ected ;  and  the  time,  moreover,  seems  at 
last  to  have  dawned  wlien  tiiere  will  be  collected  and  utilized  as 
ammonia  at  least  a  porti(»n  of  nitrogen  of  nearly  all  the  fuel  burnt 
either  for  industrial  or  for  domestic  purposes.  In  France  ammonia 
has  been  collected  from  coke  ovens  for  a  number  of  years  past. 

Some  months  ago,  a  member  of  the  firm  of  William  Baird  &  Co., 
who  happens  to  l)e  also  a  director  of  a  gas  work,  Mr.  William  Fcrrie^ 
was  struck  by  the  idea  that  the  methods  employed  for  separating 
Whole  No.  Vol.  CXV. — (Thiku  Seriks,  Vol.  Ixxxv.)  29 
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ammonia  and  tar  from  crude  illuminating  gas  might  be  used  for  sepa- 
rating tlie  same  bodies  from  the  gases  from  blast  furnaces  in  which 
raw  coal  is  used ;  and  although  the  volume  of  the  gases  from  such 
furnaces,  per  ton  of  coal  employed,  is  about  thirteen  times  greater  than 
that  of  the  gases  obtained  by  distilling  the  same  kind  of  coal  in 
retorts,  is  not  less,  that  is  to  say,  than  130,000  cubic  feet,  Mr.  Ferrie's 
idea  has  been  put  into  execution  with  complete  success.  From  two  of 
the  sixteen  blast  furnaces  at  the  Gartsherrie  iron  works  ammonia  and 
tar  have  been  regularly  collected  for  some  months  past,  and  the  prepa- 
rations are  in  progress  for  collecting  them  from  the  other  fourteen 
blast  furnaces  there.  The  quantity  of  ammonia  at  present  being 
obtained  at  Gartsherrie  is  the  quantity  corresponding  to  about  18  cwt. 
of  ammonium  sulphate  per  day,  being  at  the  rate  of  20  lb.  of  ammo- 
nium sulphate  per  ton  of  coal  consumed. 

Each  of  the  one  hundred  and  twenty  Scotch  blast  furnaces  con- 
sumes, on  an  average,  fifty  tons  of  coal  per  twenty-four  hours.  The 
total  quantity  of  coal  consumed  in  them  per  annum  is  thus  50  X  120  X 
365  =2,190,000  tons.  The  quantity  of  ammonia  yielded  per  ton  of 
coal  being,  as  I  have  said,  the  quantity  corresponding  to  20  lb.  of 
ammonium  sulphate,  there  can  thus  be  obtained  per  annum  from 
these  one  hundred  and  twenty  blast  furnaces  a  quantity  of  ammonia 
corresponding  to  nearly  20,000  tons  of  ammonium  sulphate,  worth,  at 
the  present  selling  price  of  that  commodity,  not  less  than  £400,000. 

Large,  however,  as  is  this  quantity,  it  is  only  one-tenth  of  thef 
further  quantity  which  can  be  obtained  from  English  coke  ovens. 
The  quantity  of  coal  coked  annually  in  England  is  not  far  short  of 
20,000,000  tons,  and  if  Mr.  Jameson's  system  were  applied  to  the 
whole  of  our  coke  o\  ens,  with  the  result  of  collecting,  per  ton  of  coal 
treated,  the  same  quantity  of  ammonia  as  is  obtained  from  the  Gart- 
sherrie blast  furnaces,  there  would  be  obtained  from  this  source  per 
annum  the  quantity  of  ammonia  corresponding  to  180,000  tons  of 
ammonium  sulphate,  at  present  worth  more  than  three  and  a  half 
millions  sterling.  Nor  is  even  this  all ;  for  I  shall  have  to  speak  in  a 
moment  of  another  possible,  and  I  believe  probable,  source  of  ammo- 
•  nia,  even  more  extensive  still. 

Now  of  the  ammonia  employed  by  the  ammonia  soda  maker,  he 
loses  from  one-fiftieth  to  one-fortieth  part.  As  he  has  to  employ  from 
one  and  a  half  to  one  and  three-quarter  equivalents  of  ammonia  for 
each  equivalent  of  sodium  carbonate  finally  obtained,  we  may  take  it 
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that  he  loses  about  one  twenty-third  of  an  equivalent  of  ammonia  for 
each  equivalent  of  sodium  carbonate  mauufactural.  In  terms  of 
ammonium  sulphate,  being  the  terms  in  which  the  loss  of  ammonia  in 
the  ammonia  soda  process  is  usually  stated>  this  loss  corresponds  to 
about  five  and  a  half  parts  of  ammonium  sulphate  per  hundred  parts 
of  sodium  carbonate  protluced.  The  total  annual  loss  of  ammonia  in 
the  manufacture  of  the  163,000  tons  of  ammonia  soda  now  being  pro- 
duced per  annum  thus  corresponds  to  just  about  9,000  tons  of  ammo- 
nium sulphate.  This  is,  no  doubt,  a  large  quantity  of  a  commodity 
worth  £20  per  ton ;  but,  in  comparison  with  the  extent  of  the  new 
sources  of  ammonia  which  have  just  began  to  be  turned  to  account,  it 
is  utterly  insignificant.  It  is  less  than  one-twentieth  part  of  the 
quantity  capable  of  being  yielded  by  blast  furnaces  and  coke  ovens  in 
Great  Britain  alone,  and  is  a  smaller  fraction  still  of  the  quantity 
which,  I  believe,  can  be  obtained  from  another  source  which  has  yet 
to  be  mentioned.  AVe  may  therefore  be  quite  certain  that  the  progress 
of  the  ammonia  soda  process  will  not  be  hindered  or  limited  by  any 
difficulty  as  regards  supply  of  ammonia. 

The  other  consideration  to  which  I  referred  as  having  given  comfort 
to  the  makers  of  Leblanc  soda,  and  which  constituted  indeed  their 
chief  ground  of  hope  for  salvation  against  the  ammonia  process,  was 
that  the  world  requires  chlorine  as  well  as  scKla,  and  that  while  the 
chlorine  of  the  salt  decomposed  by  the  Leblanc  process  is  yielded  as 
hvdrochloric  acid,  from  which  free  chlorine  can  be  obtained  readily, 
the  chlorine  of  the  salt  decomposed  by  the  anmionia  proc&ss  is  yielded 
as  a  somewhat  dilute  solution  of  calcium  chloride.  It  was  thought 
that  the  ammonia  process  would  eventually  even  help  the  existing 
Leblanc  soda  makers,  by  preventing  the  further  extension  of  the 
Leblanc  process,  and  so  restricting  the  production  of  hydrochloric  acid, 
and  thereby  at  length  increasing  the  value  of  that  body.  The 
ammonia  ])rocess,  no  doubt,  would  have  produced  that  result,  and 
would  have  produced  it  by  this  time,  if  the  supply  of  hydrochloric 
acid  in  tliis  countiy  had  not  been  already  so  largely  in  excess  of  the 
demand  for  chlorine  ])roducts.  That  demand  is  always  becoming 
larger,  and  within  the  last  few  years  the  production  of  hydrochloric 
acid  has  appreciably  diminished  ;  but  in  this  country  the  constantly- 
increasing  stringi'iicy  of  legislative  enactments  with  rcsjjcct  to  river 
and  air  pollution  has  compelled  so  many  pnxlucers  of  hydrochloric 
acid,  who  would  have  preferred  to  throw  their  acid  away,  to  employ  it 
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in  the  manufacture  of  chlorine,  whether  that  manufacture  were  profit- 
able or  not,  that  the  selling  price  of  chlorine  products  has  of  late  years 
been  continually  falling,  until  it  is  now  at  a  point  at  which  it  barely 
pays  their  cost.  No  doubt  if  all  the  other  conditions  of  the  problem 
were  to  remain  as  at  present,  the  demand  for  chlorine  products  would 
in  time  overtake  the  supply  of  hydrochloric  acid  in  this  country,  as  it 
has  long  since  done  on  the  Continent,  and  the  manufacture  of  chlorine 
in  England  would  so  again  become  pr6fitable.  But  the  other  con- 
ditions of  the  problem  are  not  likely  to  remain  stationary,  and  both 
M.  Solvay  and  myself  are  doing  our  best  to  change  them. 

M.  Solvay  is  proposing  to  manufacture  hydrochloric  acid  from  the 
residual  calcium  chloride  of  the  ammonia  process.  I  imagine  that  he 
is  urged  to  that  course,  not  merely  by  a  desire  to  turn  that  calcium 
chloride  to  account,  but  also  by  a  desire  to  avoid  making  too  much 
nuisance.  For  it  must  not  be  supposed  that  even  the  ammonia  pro- 
cess, when  practised  on  a  large  scale,  is  free  from  nuisance.  It  cer- 
tainly does  not  send  into  the  air  any  noxious  vapors,  but  it  sends  into 
the  w^ater  courses  very  large  quantities  of  calcium  chloride,  rarely 
accompanied  by  less,  and  often  accompanied  by  much  more,  than  an 
equivalent  quantity  of  sodium  chloride,  and  very  apt  to  be  accompanied 
also  by  both  calcium  carbonate  and  free  lime.  Neither  calcium  chlo- 
ride nor  sodium  chloride  will  do  much  harm  to  a  river,  if  sent  into  it 
in  moderate  quantities ;  but  when  it  comes  to  sending  into  a  compara- 
tively small  stream,  far  inland,  two  hundred  and  sixty  tons  of  calcium 
and  sodium  chlorides  per  twenty-four  hours,  say  about  ten  tons  per 
hour,  night  and  day,  all  the  year  through, — and  M.  Solvay  must  be 
doing  something  very  like  that  at  Dombasle, — the  matter  assumes 
quite  another  aspect.  I  am  not  myself  an  angler,  but  if  I  were,  I  do 
not  think  that  I  should  seek  for  sport  immediately  below  Dombasle. 

Be  all  that  however  as  it  may,  M.  Solvay  is  now  erecting  at  Dom- 
basle apparatus  for  an  industrial  trial  of  a  process  for  obtaining  hydro- 
chloric acid  from  calcium  chloride,  at  which  he  has  been  working  for 
many  years.  The  process  in  question  consists  in  first  concentrating  by 
evaporation  the  mixed  solution  of  calcium  and  sodium  chlorides  which 
is  the  residual  product  of  the  ammonia  process;  then  mixing  the  con- 
centrated solution  with  clay,  making  the  mixture  into  balls,  and  drying 
these  balls ;  and  then  iieating  these  balls  to  redness  in  a  current  of 
steam.  This  process  certainly  works,  on  condition  that  the  tempera- 
ture employed  be  sufficiently  liigh,  and  that  the  quantity  of  steam  used  be 
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largely  in  excess  of  the  quantity  necessary  to  react  upon  the  calcium 
chloride.  As  the  resulting  mixture  of  vapor  of  water  and  vapor  of 
hydrochloric  acid  would  otherwise  give  an  extremely  dilute  aqueous 
acid,  M.  Solvay  pro])Oses  to  separate  from  it  most  of  its  va})or  of 
water,  i)efore  condensing  its  hydrochloric  acid,  by  passing  the  mixture 
of  the  two  vapors  tiirough  a  very  strong  solution  of  CaClj,  which  he 
finds  will  al)sorl)  most  of  the  steam  from  such  a  mixture,  allowing  llie 
HCl  to  pass  on  al(;ne,  so  that  it  can  afterwaixls  be  condensed  in  the 
usual  way.  All  this  is  ingenious,  but  it  can  hardly  be  cheap.  First,  a 
solution  containing  only  about  eight  per  cent,  of  calcium  chloride  has  to 
be  evaporated,  we  may  say  to  dryness ;  then  the  mixture  of  CaClg  and 
clay  has  to  be  maintained  at  a  red  heat  for  a  considerable  time,  in  a 
current  of  steam ;  and  then  the  solution  of  calcium  chloride  used  to 
separate  steam  from  the  resulting  mixture  of  steam  and  HCl  has  to  be 
prej)ared  for  use  again  by  having  all  the  water  which  it  has  absorbed 
evaporated  off  from  it.  To  English  manufacturers  who  have  more 
hydrochloric  acid  than  they  can  use,  this  process  of  M.  Solvay 's  will 
seem  little  less  than  ridiculous ;  but  one  must  remember  that  it  is 
intended  for  countries  in  Avhich  the  demand  for  hydrochloric  acid 
exceeds  the  supply,  and  in  which  countries,  moreover,  chlorine  pro- 
ducts are  protected  by  imjiort  duties.  In  such  countries,  one  can  quite 
conceive  its  being  'inmercially  practicable  ;  in  which  case  the  exporta- 
tion of  chlorine  y  tducts  from  England  to  the  Continent  is  doomed. 
I  ought  to  add  ihat  ^I.  Solvay  expects  that  the  silico-aluminate  of 
calcium  which  remains  after  the  chlorine  oi"  his  mixture  of  calcium 
chloride  and  clay  has  been  driven  off  by  steam  will  be  useful  {is  a 
cement,  and  will  thus  helj)  to  j)ay  the  cost  of  his  hydrochloric  acid. 

Tiie  exportation  of  chlorine  products  from  England  to  the  Continent 
is,  moreover,  threatened  in  another  way.  The  Continental  manufac- 
turers of  Leblanc  soda,  unlike  the  English  manufacturers  of  Leblanc 
soda,  do  not  produce  enough  hydrochloric  acid  to  meet  the  demand  of 
their  resjjective  countries  for  that  acid  itself,  and  the  products  which 
are  made  from  it.  This  is  partly  due  to  the  production  of  ammonia 
soda,  proportionately  to  the  total  production  of  soda,  being  so  nuich 
greater  in  France  and  Germany  than  in  this  country,  and  partly  to 
hydrochloric  acid  being  required  in  those  countries  for  industries 
which  in  this  country  do  not  exist.  T^argc  quantities  of  chlorine  pro- 
ducts conse(juently  go  to  the  Continent  from  \\\U  country  ;  our  j)roduc- 
tion  of  hydrochloric  acid  being  still  sufficient  to  enable  us  to  supply, 
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not  only  the  total  English  demand  for  chlorine  and  the  total  Americanr 
demand  for  chlorine,  but  also  an  appreciable  proportion  of  the  Conti- 
nental demand  for  chlorine,  and,  in  addition  to  all  that,  to  throw  a 
large  residue  of  hydrochloric  acid  into  the  North  Sea.  The  Conti- 
nental Leblanc  soda  makei-s  do  not  like  this  importation  into  their 
respective  countries  of  chlorine  products  from  England ;  but  they  can 
prevent  it  only  in  one  or  other  of  two  ways ;  either  by  increasing  their 
production  of  hydrochloric  acid,  or  by  becoming  enabled  to  obtain 
from  a  given  quantity  of  hydrochloric  acid  a  larger  proportion  of  free 
chlorine  than  is  yielded  by.  the  process  at  present  in  use.  Personally,  I 
have  for  the  process  at  present  in  use  that  respect  which  one  ahvays  feels 
for  the  bridge  which  has  carried  one  over,  but  I  am  well  aware  that  it 
can  by  no  means  be  regarded  as  final.  It  yields  chlorine  cheaply  ;  but  it 
yields  only  one-third  of  the  total  chlorine  contained  in  the  acid 
employed,  the  other  two-thirds  being  lost  as  calcium  chloride.  English 
chlorine  manufacturers  will  regard  almost  with  horror  the  idea  of  a 
new  chlorine  process  which  shall  yield  in  the  free  state  practically  the 
whole  of  the  chlorine  contained  in  the  acid  employed;  but  on  the 
Continent  there  is  a  demand  for  such  a  process ;  a  demand  which  will 
no  doubt  be  lessened,  but  will  by  no  means  be  destroyed,  by  what  is 
being  done  in  France  by  the  Compagnie  d'Exploitation,  and  I  am  one 
of  those  who  have  been  called  upon  to  endeavor  to  supply  that 
demand,  M.  Pechiney  is  now  preparing  to  make,  at  Salindres,  a  trial 
on  an  industrial  scale,  of  a  process  which,  I  think,  will  supply  it; 
and  by  the  end  of  this  year  he  will  probably  have  obtained  decisive 
results. 

As  regards  the  English  chlorine  industry,  however,  I  do  not  think 
that  its  prospects  are  by  any  means  so  gloomy  as,  from  what  I  have 
said  so  far,  might  at  first  blush  appear.  But  I  think  that  its  salvation 
will  come  from  an  unexpected  quarter.  I  think  that  our  English 
manufacturers  of  Leblanc  soda  will  have  to  cease  to  devote  their 
hydrochloric  acid,  when  they  do  not  throw  it  away^  exclusively  to 
chlorine  making.  They  would,  of  course,  be  only  too  glad  to  do  so, 
if  a  means  could  be  furnished  them  of  turning  it  to  account  otherwise. 
But  the  difficulty  hitherto  has  been  as  to  how  to  turn  it  to  account 
otherwise.  I  believe  that  that  difficulty  is  about  to  disappear.  I  am 
not  free  to  enter  into  that  matter  now,  and,  indeed,  it  is  not  yet  ripe 
for  discussion ;  but  I  have  very  great  confidence  that  new  applications 
of  hydrochloric  acid,  admitting  of  being  applied  very  extensively,  at. 
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comparatively  small  expense,  are  among  the  things  of  the  irametliate 
future. 

As  regards  soda,  the  j)osition  of  the  English  Leblane  soda  makers 
is  this.  They  are  now  working,  when  not  actually  at  a  loss,  at  least 
without  profit.  Until  comparatively  recently,  they  supplied  the  whole 
of  the  English  demand  for  soda,  the  whole  of  the  American  demand 
for  soda,  and  a  large  part  of  the  Continental  demand  for  soda.  Both 
their  home  market,  however,  and  their  American  market  have  been 
recently  invaded  by  English  made  ammonia  soda,  and  now  the 
manufacture  of  ammonia  soda  has  begun  in  the  United  States  them- 
selves, and  will  have  reached  there  before  the  expiration  of  this  year, 
a  scale  of  20,000  tons  per  annum  ;  while  a  little  later  on  that  Belgian 
soda  and  copper  work  of  which  I  spoke,  will  not  only  have  put  an 
end  to  all  export  of  English  soda  to  Belgium,  but  will  doubtless  also 
be  sending  Leblane  soda  to  .Vmerica ;  as  will  also,  no  doubt,  the  great 
work  which  is  being  built  at  Marseilles,  and,  eventually,  those  other 
works  which  are  about  to  be  built  at  others  of  the  French  seaports. 
The  exportation  of  English  soda  to  Austria,  which  has  already 
dwindled  to  little  more  than  8,000  tons  per  annum,  is  expected  to 
cease  entirely  before  the  end  of  the  present  year,  by  reason  of  the 
increased  quantity  of  ammonia  soda  which  will  soon  be  made  in 
Austria.  An  increased  production  of  ammonia  soda  is  similarly 
expected  to  put  an  end,  almost  immediately,  to  the  importation  of 
English  soda  into  (jcrmany ;  which  importation,  in  1881,  was  already 
only  two-thirds  of  what  it  was  in  1870.  Russia,  moreover,  will  soon 
be  making  for  iierself  at  least  a  portion  of  the  soda  she  consumes; 
and  France,  which  country  has  hitherto  been  entirely  dependent  upon 
England  frr  her  supplies  of  caustic  soda,  though  she  has  long  ceased 
to  take  from  us  any  otiier  form  of  soda,  will  soon  be  making,  herself, 
all  the  caustic  soda  she  requires  ;  for,  apart  from  what  may  be  done  by 
the  new  company  of  which  I  have  spoken,  M.  Solvay  is  just  beginning 
to  make  caustic  soda  at  Dombasle,  and  contemplates  making  it  there 
on  a  very  extensive  scale. 

In  face  of  all  this,  how  are  the  English  Leblane  soda  makers  to 
continue  to  live?  For  one  thing,  it  is  quite  certain  that  they  must" 
have  cheaper  pyrites.  The  present  price  of  Od.  per  unit  is  an  arti- 
ficial ])rice,  entirely  due  to  a  trade  combination  ;  and  that  price  will 
certaiidy  have  to  be  reduced  by  at  least  fifty  per  cent.  That  it  can  1)C 
reduced  to  M.  per  unit,  and  yet  leave  a  very  fair  profit  to  the  pyrite 
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sellers,  I  believe  there  can  be  no  doubt.  At  the  present  price  of  copper, 
and  at  3d.  per  unit  for  sulphur,  pyrites  showing  2 J  per  cent,  of  copper 
by  Swansea  assay,  would  sell  for  39s.  per  ton ;  and  that  Spanish 
pyrites  can  be  delivered  to  English  ports  at  that  price,  at  a  fair  profit 
is,  I  believe,  unquestionable.  If,  therefore,  the  existing  companies 
refuse  to  supply  pyrites  at  that  price,  they  will  simply  call  into  exist- 
ence other  companies  which  will  supply  vit  at  that  price.  That  the 
Leblanc  soda  makers  will  thus  get  their  sulphur  at  a  price  not  exceed- 
ing 3d.  per  unit,  after  the  end  of  next  year,  when  the  present  combi- 
nation between  the  pyrite .  companies  will  expire,  may  be  regarded  as 
quite  certain. 

Pyrites  at  3d.  per  unit,  however,  would  by  no  means  bring  down 
the  cost  of  Leblanc  soda  to  that  of  ammonia  soda.  Without  using 
any  figures  which  have  been  given  to  me  privately,  there  is  no  diffi- 
culty in  arriving,  very  approximately,  at  the  difference  between  the 
cost  of  ammonia  soda  and  that  of  Leblanc  soda,  from  what  is  matter 
of  public  knowledge  with  respect  to  the  dividends  paid  by  joint  stock 
companies  which  make  ammonia  soda,  and  publish  balance-sheets. 
We  learn  in  this  way,  that  when  Leblanc  soda  is  yielding  no  profit  at 
all,  ammonia  soda  is  yielding  fully  £1  per  ton.  As  to  make  a  ton  of 
actual  sodium  carbonate  by  the  Leblanc  process  does  not  require  more 
than  about  13"5  cwt.  of  pyrites,  reduction  of  the  price  of  pyrites  to 
3d.  per  unit  would  thus  reduce  the  cost  of  Leblanc  soda  only  by  about 
7s.  9d.  per  ton  of  actual  sodium  carbonate. 

Seven  shillings  and  ninepence,  however,  is  something';  and,  as 
regards  the  balance  of  the  pound,  there  are  two  resources,  which 
together  will,  I  think,  be  sufficient  to  turn  the  tables  upon  the  ammo- 
nia process,  and  make  the  good  old  Leblanc  process  the  cheaper  of 
the  two. 

One  of  these  two  resources  consists,  of  course,  in  sulphur  recovery. 
If  sulphur  recovery  were  the  only  resource,  which,  however,  happily 
it  is  not,  I  think  it  not  impossible  that  the  required  12s.  3d.  per  ton  of 
sodium  carbonate  could  be  gained  by  it  alone.  To  this  end,  except  in 
localities  in  which  there  is  a  demand  for  sulphuric  acid  free  from 
arsenic,  the  sulphur  nuist  be  recovered,  not  as  sulphuric  acid  for  use 
again,  but  as  free  sulphur,  for  sale  as  such.  At  the  general  meeting 
of  our  Society  at  Manchester,  last  July,  I  explained  that,  while  the 
Schaffner  and  Helbig  process  would  yield  as  sulphuric  acid  practically 
the  whole  of  the  sulphur  of  the  calcium  sulphide  contained  in  the 
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-waste  treated  by  it,  it  would  probably  yield  as  free  sulphur  only  four- 
fifths  of  the  total  sulphur  coutained  in  the  Maste  as  calcium  sulphide. 
Since  then,  reason  has  arisen  for  a  very  confident  hope  that  the  whole 
of  the  sulphur  of  the  calcium  sulphide  contained  in  the  waste  may  be 
•obtained  in  the  free  state ;  in  which  case  the  yield  will  be  almost 
exactly  6  cwt.  of  free  sulphur  per  ton  of  actual  sodium  carbonate 
manufactured.  If,  therefore,  one  were  dependent  for  that  12s.  3d.  ou 
sulphur  recovery  alone,  the  problem  Avould  be  narrowed  to  this :  Can 
free  sulphur  Ixi  obtained  from  alkali  waste  at  such  a  cost,  and  is  there 
3,  sufficient  demand  for  free  sulphur  at  such  a  price,  that  it  shall  be 
possible  to  sell  recovered  sulphur,  in  sufficient  quantity,  at  2s.  OJd.  per 
cwt.,  or  say  41s.  per  ton,  more  than  the  cost  of  producing  it  ? 

As  regards  the  demand  for  free  sulphur,  the  latest  returns  published 
by  the  Italian  government  show  that  the  average  annual  production 
of  sulphur  ill  Sicily  and  Italy,  during  the  five  years  1875  to  1879, 
inclusive,  was  282,000  tons,  of  which  216,000  tons  were  exported.  The 
total  quantity  of  sulphur  that  could  be  produced  from  English  alkali 
waste  does  not  exceed  two-thirds  of  this  latter  quantity.  The  world 
thus  consumes  much  more  sulphur  than  the  English  alkali  makers 
could  produce,  and  although  to  sell  all  that  they  could  produce  they 
must  drive  much  of  the  Sicilian  sulphur  out  of  the  market,  in  the 
present  "  struggle  for  existence  "  somebody  must  go  down,  and  English 
Leblanc  soda  makers  may  be  pardoned  for  preferring  that  it  should 
be  producer  of  Sicilian  sulphur  who  have  to  do  so  rather  than  them- 
.selves. 

The  actual  cost  of  Sicilian  sulj)hur,  delivered  at  Marseilles,  trans- 
ported in  the  cheai)est  way,  in  bulk,  at  the  })urchaser's  risk,  is  about 
£o  per  ton.  To  become  masters  of  the  sulphur  market,  and  at  the 
same  time  to  gain  by  recoveral  sulphur  the  required  2s.  per  cwt.,  Eng- 
lish soda  makers  must  thus  be  al)le  to  recover  sulphur  at  a  cost  not 
exceeding,  say  about  £2  ])er  ton.  They  will  hardly  be  able  to  do  that 
at  first,  but  I  think  that  eventually  they  will  be  able  to  do  it.  If  so, 
and  if  chlorine  products  should  again  command,  as  I  think  they  will 
again  command,  a  reasonable  price, — for  a  price  which  scarcely  pays 
their  cost,  is,  of  course,  not  a  rea-sonable  price, — the  Leblanc  process 
will  at  least  be  able  to  hold  its  own,  even  without  that  other  resource 
to  which  I  have  referred,  and  which  I  will  now  ju-oceed  to  indicate. 

There  has  come  to  me  from  Newcastle  a  very  bold,  but,  I  venture 
to  think,  quite  practical  suggestion,  the  result  of  which  can  hardly  fail 


458  Present  Condition  of  the  Soda  Luhistry.     [Jour.  Frank.  Inst., 

to  be  of  enormous  importauee,  not  only  to  the  soda  industry,  but  to 
almost  all  industries  whatever.  That  suggestion  is  that  the  sodai 
maker  should  entirely  cease  to  use  raw  coal  as  fuel,  but  should  convert 
all  his  coal  into  coke,  collecting  for  sale  the  oil  and  ammonia  evolved 
during  its  conversion  into  coke,  and  himself  using  for  heating  pur- 
poses the  gases  evolved  during  the  coking  operation  and  the  coke  itself. 
It  is  believed,  that  in  the  Newcastle  district  at  any  rate,  by  this  mode 
of  proceeding  the  soda  maker  would  obtain  his  fuel  virtually  for  noth- 
ing. In  that  district  there  is  produced  per  annum  some  two  millions 
of  tons  of  very  small  coal'or  "duiF,"  which  is  almost  a  waste  product^ 
and  which,  singularly  enough,  yields  more  oil  than  the  more  costly 
kinds  of  Newcastle  coal,  wliile  at  the  same  time  yielding  a  very  fair 
coke,  sufficiently  good,  at  any  rate,  for  use  in  the  furnaces  of  chemical 
works,  especially  when  its  combustion  is  assisted  by  that  of  the  gases 
from  the  ovens  in  which  the  coke  is  produced ;  and  the  value  of  the 
oil  and  ammonia  obtained  when  this  "  duff"  is  coked  in  ovens  to  which 
the  Jameson  system  is  applied  is  greater  than  the  cost  of  the  "  duff,"' 
plus  the  cost  of  coking  it.  And  it  is  probable  that  improved  con- 
densing arrangements  will  render  the  yield,  if  not  of  oil,  at  any  rate 
of  ammonia,  so  much  greater  than  the  yield  hitherto  actually  realized^, 
as  to  enable  the  same  result  to  be  obtained  in  the  case  of  ordinary 
steam  coal,  not  only  in  the  Newcastle  district,  but  in  the  Lancashire 
district  also.  If  so,  the  cost  of  producing  Leblanc  soda  m  both  dis- 
tricts will  be  diminished  by  almost  the  total  amount  of  the  present 
cost  of  Leblanc  soda  for  fuel.  I  say  "almost,"  because,  so  far  as  one 
can  see,  the  use  of  raw  coal  for  "mixing"  in  the  black-ash  process 
must  still  be  continued. 

And  it  seems  to  me  that  this  idea  cannot  but  be  as  applicable  to- 
almost  all  other  industries  as  to  the  soda  industry,  while  the  result  to- 
the  material  well-being  of  mankind  of  its  general  application,  it  is 
utterly  beyond  the  power  of  any  imagination  adequately  to  conceive. 
This  idea  means,  among  other  things,  cheaper  fuel  for  all  purposes,  an 
enormously  increased  supply  of  agricultural  produce,  and  the  entire 
suppression  of  smoke,  even  in  the  busiest  centres  of  industry. 

And  for  my  own  part  I  venture  to  think  that  the  same  idea  might 
be  applied  even  to  the  fuel  required  for  domestic  purposes,  rendering 
London  absolutely  free  from  smoke,  ana  pea-soup  fogs,  things  only  of 
tradition.  I  think  that  the  time  will  come  when  our  gas  works  will 
be  replaced,  at  least  to  a  large  extent,  by  establishments  in  which  coal 
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will  be  trejited  for  the  production  of  coke,  illuminating  oils,  anunonia. 
and  heating  gases ,  the  coke  to  be  burnt  in  our  domestic  fire-places^ 
the  oils  to  be  used  for  lighting  the  interiors  of  our  houses,  the  ammo- 
nia to  be  employed  in  agriculture,  to  cheaj)en  and  render  more  abun- 
dant our  supplies  of  food,  and  the  gases  to  be  burnt  for  raising  steam 
for  driving  dynamos  for  lighting  our  streets  by  the  electric  arc. 

Coming  back  to  soda.  If  the  suggestion  in  question  will  enable 
makers  of  Leblanc  soda  in  certain  districts,  to  obtain  their  fuel  for 
nothing,  it  will,  of  course,  enable  makers  of  ammonia  soda,  in  similar 
districts,  to  do  the  same.  How  then  will  it  help  the  Leblanc  soda 
makers?  AVhile  the  quantity  of  fuel  consumed  in  the  ammonia  pro- 
cess is  only  150  per  cent,  on  the  soda  produced,  the  quantity  consumed 
in  the  Leblanc  process  is  about  350  per  cent,  on  the  soda  produced. 
This  lower  consumption  of  coal  in  the  ammonia  process  than  in  the 
Leblanc  process  has  hitherto  been  one  of  the  chief  advantages  of  the 
ammonia  process;  but  fuel  for  nothing  will  so  far  jonvert  this  advan- 
tage into  a  disadvantage  that  it  will  reduce  the  cost  of  ammonia  soda 
per  ton  only  by  tiie  cost  of  one  and  a  half  tons  of  fuel,  while  it  will 
reduce  the  cost  of  Leblanc  soda  ])er  ton  i)y  the  cost  of  fully  twice  that 
quantity  of  fuel.  Xo  doubt  this  result  will  be  accompanied  by  some 
diminution  in  that  heavy  item  in  the  cost  of  ammonia  soda  which  is 
due  to  loss  of  ammonia ;  but  still  I  think  that  the  balance  of  advan- 
tage will  be  on  the  side  of  the  Leblanc  process.  It  can  only  fail  to  be 
so  by  refisou  of  ammonia  falling  to  one-half  of  its  j)resent  2)rice.  The 
price  of  ammonia  unquestionably  will  fall ;  but  I  think  that  increased 
use  of  ammonia  in  agriculture  will  prevent  its  price  falling  to  anything 
like  that  extent. 

Here  the  present  paper  might  very  well  have  ende<l,  but  I  know 
that  it  is  expected  by  some  of  the  memlx,'rs  present  that  I  should  say 
something  on  the  present  state  of  the  sulphur  recovery  question ;  and 
I  have  therefore  to  ask  permission  to  go  on  a  little  longer  in  order  to 
do  so. 

In  order  to  render  intelligii)le  some  interesting  results  relating  in  some 
degree  to  the  commercial  side  of  the  Scliaffner  and  Helbig  process,, 
which  were  obtained  at  ()ldl)ury  in  the  autuiiui,  and  whicii  I  have  per- 
mission to  report  this  evening,  allow  me  to  reniiiui  you  that  the  two 
main  operations  of  that  j)roce!-s  consist :  first,  in  decomposing  the  cal- 
cium sulphide  contained  in  alkali  waste  by  iieating  the  waste  witii  solu- 
tion of  magnesium  chloride,  whereby   there  is  obtained,  on   the  one 
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hand,  HjS,  and,  on  the  other,  solution  of  calcium  chloride  holding 
magnesium  hydrate  in  suspension ;  and,  secondly,  in  regenerating 
magnesium  chloride  for  use  again  by  treating  that  mixture  of  magne- 
sium hydrate  and  solution  of  calcium  of  chloride  by  COj: 

FIRST    OPERATION. 

CaS  +  MgCl^  +  2H„0  =  H^S  +  CaCl,  +  MgHA- 

SECOND    OPERATION. 

CaClj  +  MgHp^  +  CO2  =  MgCl^  +  CaCOg  +  H^O. 

During  the  construction  of  their  new  plant,  Messrs.  Chance  Brothers 
made  a  series  of  quantitative  experiments,  upon  a  scale  of  half  a  ton 
of  waste  pe)'  operation,  mainly  with  a  view  to  determining  quanti- 
tatively the  loss  of  magnesia  involved  in  the  process.  These  experi- 
ments were  conducted  by  Mr.  Frederick  Chance,  a  young  member  of 
the  firm,  who  has  only  to  fulfil  the  promise  of  his  youth  to  take  a  very 
high  rank  among  industrial  chemists,  and  their  results  are  interesting 
and  to  a  certain  extent  important.  By  making  a  number  of  successive 
operations  without  adding  any  fresh  magnesia  or  magnesium  chloride, 
and  comparing  the  quantity  of  magnesium  chloride  which  he  had  at 
at  the  end  of  the  series  of  operations  with  the  quantity  which  he  had 
at  the  beginning,  Mr,  Fi'ederick  Chance  found  that  the  average  loss  of 
magnesia  corresponded  to  1'05  parts  of  MgO  per  100  parts  of  waste 
treated.  Now,  while  in  the  waste  produced  at  Oldbury  there  is  no 
magnesia  to  speak  of,  a  very  pure  limestone  being  used  there  for 
making  black-ash,  there  is  reason  to  believe  that  the  waste  produced  in 
the  Newcastle  district,  the  limestone  of  Avhich  district  is  all  more  or 
less  magnesium,  contains  fully  enough  magnesia  to  make  up  this 
amount  of  loss,  without  the  addition  of  any  magnesium  compound 
specially  for  that  ])urpose.  All  that  should  be  needed,  therefore,  in 
the  case  of  Newcastle  waste,  should  be  to  add  from  time  to  time  the 
quantity  of  calcium  chloride  necessary  to  convert  into  magnesium 
chloride,  by  the  aid  of  COg,  the  magnesia  actually  existing  in  the  waste 
itself.  In  other  cases,  the  loss  of  magnesia  in  the  Schaiiuer  and  Hel- 
big  process  might  be  made  up  by  replacing  two  or  three  per  cent,  of 
the  limestone  used  for  making  black-ash  by  dolomite.  This  is  sup- 
posing, of  course,  that  the  calcium  carbonate  recovered  in  the  process 
is  not  u.sed  again  in  black-ash  making.  In  proportion  as  this  recovered 
xjarbonate  can  be  used  again  for  making  black-ash,  there  will  be  no 
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loss  of  magnesia  ;  the  magnesia  "  lost  "  in  one  operation  coming  round 
again  in  the  next. 

The  experiments  of  ]Mr.  Frederick  Chance  fiirtiier  brought  out  tlie 
important  fact  that  the  reaction  by  which  magnesium  chloride  and 
calcium  carbonate  are  recovered  takes  place,  at  any  rate  under  the  con- 
ditions under  which  he  operated,  /.  e.,  under  a  pressure  of  twenty 
pounds  per  square  inch,  quite  as  readily  when  the  mixture  treated  by 
CO2  is  hot  as  when  that  mixture  is  cold.  It  has  been  supposed  that 
that  reaction  depends  upon  the  formation  of  bicarbonate  of  magnesia, 
in  which  case  the  mixture  in  question  would  have  required  to  be  cooled 
before  being  treated  by  CO,,  and  so  to  cool  it  would  have  been  at  least 
troublesome.  It  seems,  however,  that  the  reaction  in  question  is  really 
a  reaction  between  CaClg  and  MgCOg.  This  result  is  confirmal  by  the 
result  obtained  by  Dr.  Hewitt  l)y  simply  mixing  with  solution  of 
CaCI,  an  equivalent  of  the  carbonate  of  magnesia  of  the  shops.  He 
obtained  in  that  way  a  decomposition  of  about  80  per  cent,  of  his  cal- 
cium chloride,  and  it  is  })robable  that  the  carbonate  of  magnesia  he 
employed  did  not  contain  more  than  that  percentage  of  MgCOg. 

Mr.  Frederick  Chance  further  lighted  upon  a  very  curious  fact, 
which  is  valuable  as  affording  to  the  workmen  a  simple  and  readv 
indication  of  the  moment  at  which  the  reseneration  of  the  mairnesium 
chloride  has  become  complete.  In  the  mixture  operated  upon  there  is 
always  a  little  ferrous  sulphide.  This  ferrous  sulphide  is  not  acted 
upon  by  COj  so  long  a.s  there  is  any  free  magnesia  present,  but  it  is 
attacked  so  soon  as  all  the  magnesia  present  has  become  carbonated, 
with  the  result  of  sending  iron  into  solution  as  acid  ferrous  carbonate. 
The  presence  of  the  iron  which  thus  comes  into  solution  can  be  very 
readily  detected,  and  the  moment  it  appcjirs  the  workmen  in  charge 
know  that  it  is  time  to  stop  injecting  COj. 

In  the  South  of  France,  experiments  are  now  being  made,  at  my 
instance,  with  a  modilication  of  tlie  Schatfncr  and  IIeli)ig  process. 
Most  of  those  in  France  who  make  salt  from  sea  water  content  tiiem- 
selves  with  obtaining  therefrom  only  common  salt;  but  M.  Pechiney 
treats  the  motlier  li((Uors  from  which  as  much  \aCl  as  possible  has 
been  crystallized  out  for  the  further  obtainment  from  them  of  sodium 
sulphate,  magnesium  >ulj)hat(',  and  potassium  chloride,  and  his  final 
residue  is  a  saturated  solution  of  magnesium  chloride,  containing  no 
other  body  except  magnesium  bromide.  It  has  .seemed  to  me  tiiat  this 
magnesium  chloride  might  be  utilized  at  once  for  the  recovery  of  sul- 
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phur  from  soda  waste,  aud  as  a  source  of  magnesia  for  sale  as  such. 
Wlieu  alkali  waste,  however,  is  treated  directly  by  solution  of  mag- 
nesium chloride,  the  magnesium  hydrate,  which  is  one  of  the  products 
of  the  reaction  which  takes  place,  is  obtained  in  admixture  with  all 
the  numerous  bodies  other  than  calcium  sulphide,  which  were  contained 
in  the  waste  treated.  When  the  magnesium  hydrate  is  to  be  employed 
lor  the  regeneration  of  magnesium  chloride,  this  presence  with  it  of 
foreign  bodies  does  not  matter ;  but  in  cases  in  which  regeneration  of 
the  magnesium  chloride  used  is  not  necessary,  while  it  is  desired  to 
obtain  magnesium  hydrate  for  sale,  the  presence  of  foreign  bodies  with 
the  magnesium  hydrate  must  be  avoided.  I  propose  to  avoid  it  by 
taking  advantage  of  a  reaction  which  is  known  as  Kraushaar's,  from 
its  having  been  first  published,  in  "Dingler's  Journal,"  for  1877,  by 
Dr.  Kraushaar,  of  Thann,  but  which  was  really  first  discovered  by 
Mr.  Helbig,  at  Aussig,  and  turned  by  him  to  practical  account  there 
as  early  as  1874,  This  is  the  reaction  which  takes  place  when  alkali 
waste  is  heated  with  water  under  pressure.  It  is  a  reaction  of  two  of 
water  upon  two  of  calcium  sulphide,  giving  one  of  calcium  hydrate 
and  one  of  calcium  sulphydrate.  The  calcium  sulphydrate  is  obtained 
in  solution  ;  and  if  this  solution  be  separated  from  the  calcium  hydrate 
and  other  bodies  which  it  at  first  holds  in  suspendon,  on  then  running 
into  it  a  solution  of  magnesium  chloride  there  is  obtained,  on  the  one 
hand,  HjS,  and  on  the  other,  magnesium  hydrate,  almost  chemically 
pure.  And  it  is  to  be  noted  that,  whereas  when  alkali  waste  is  treated 
directly  with  solution  of  magnesium  chloride,  only  one  of  HgS  is  obtained 
for  each  equivalent  of  MgClj  which  enters  into  reaction,  by  first 
getting  the  sulphur  of  the  waste  into  the  state  of  calcium  sulphydrate 
two  equivalents  of  HgS  are  obtained  for  each  equivalent  of  magnesium 
chloride  decomposed. 

At  one  time  I  had  some  hope  that  one  might  take  advantage  in 
England  of  this  reaction  of  two  of  water  upon  two  of  waste  to  the 
end  of  reducing  by  one-half  the  quantity  of  magnesium  chloride  to  be 
employed,  and  consequently  the  quantity  of  that  body  to  be  recovered, 
per  given  quantity  of  alkali  waste  treated.  Mr.  Chance  was  so 
obliging  a.s  to  make  some  experiments  on  this  point  at  Oldbury,  and 
Mr.  Helbig  made  others  at  Aussig,  and  the  result  of  both  series  of 
-experiments  went  to  show  that  the  idea  is  not  apj)licable,  or  at  any  rate 
not  applicable  with  any  great  advantage,  when  the  magnesium  chloride 
•employed  has  to  be  regenerated.     The  reason  is  that  the  whole  of  the 
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sulphur  of  the  calcium  sulphide  of  the  waste  M-hieh  is  heated  with 
water  under  pressure  does  not  come  into  solution  unless  a  certain  mini- 
mum quantity  of  water  be  used.  This  quantity  of  water  is  not  too 
great  to  permit  of  the  method  being  employed  with  advantage  when 
the  magnesium  chloride  has  not  to  be  recovered.  But  when  it  has  to 
be  recovered  all  this  water  would  have  afterwards  to  be  driven  off  by 
evaporation,  or  the  regenerated  magnesium  chloride  would  be  imprac- 
ticably dilute ;  and  the  cost  of  this  additional  evaporatioli  would  pro- 
bably balance  the  economy  due  to  halving  the  quantity  of  magnesium 
chloride  to  be  dealt  with. 

Some  attention  hius  been  drawn  recently  to  a  second  Austrian  method 
•of  recovering  sul])hur  from  alkali  waste,  a  method  proposed  by  Herr 
Opl,  of  the  chemical  works  of  Hruschau,  in  Moravia.  This  gentle- 
man propases  to  mix  waste  with  water,  to  treat  the  mixture  with  CO2 
^nd  so  drive  off  HjS  from  it,  and  then  to  pass  this  PI2S  into  more 
mixture  of  waste  with  water,  in  order  tliat  it  shall  be  absorbed  by  the 
<;alcium  sulphide  of  this  second  quantity  of  waste  with  formation  of 
solution  of  calcium  sulphydrate,  which  could  then  l)e  treated  in  any 
one  of  several  ways.  This  proposal  seems  to  me  defective,  for  the 
reason,  among  others,  that  I  do  not  see  how  it  would  be  practicable  to 
avoid  sending  an  excess  of  CO^  into  the  second  quantity  of  mixture 
-of  waste  and  water,  which  excess  of  COj  would  react  on  some  of  the 
calcium  sulphydrate  formed  in  that  second  quantity  of  such  mixture, 
<lriving  off  HjIS,  and  so  occasioning  both  loss  of  sulphur  and  nuisance. 
Certainly,  Herr  Opl's  method  of  getting  the  sulphur  of  alkali  waste 
into  tlie  solution  as  calcium  sulphydrate  cannot,  I  think,  compete  with 
the  simpler  method  of  heating  the  waste  with  water  under  pressure. 

Here,  at  last,  I  draw  this  too  long  paper  to  a  close.  I  have  had  to 
show  in  it  that  the  immediate  future  of  the  English  Leblanc  soda 
industry  is  somewhat  gloomy ;  but  I  trust  that  I  have  shown  also 
I'eason  to  believe  that  sutficient  attention  to  the  complete  utilization  of 
■nW  raw  materials  is  yet  capable  of  saving  it. 

Faure's  Secondary  Pile. — In  Plant6's  battery  the  formation  of 
the  current  is  limited  by  the  thickness  of  the  leaden  plates.  Faure 
gives  to  his  couj)les  an  almost  unlimited  j|)()wcr  of  accumulation,  by 
covering  the  electrodes  by  a  layer  of  spongy  lead.  In  a  pile  of  75 
kilogrammes  he  is  able  to  store  a  quantity  of  energy  sufficient  to  fur- 
nish a  horee  power  for  an  hour. — Comptcfi  Rcndus.  C. 
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Experiments  upon  Electric  Lamps. — The  French  committee 
have  reported  the  results  of  their  experiments  with  the  JablochkoiF^ 
Debrun,  and  Jamin  lamps,  when  run  by  the  Debrun,  Gramme,  and 
Meritens  dynamo  machines.  They  find  that  the  different  lamps  and 
machines  produce  economical  results  which  are  almost  identical,  whether 
measured  by  the  amount  of  light  furnished  per  horse-power  or  by  thfr 
electric  efficiency  of  the  light. — Comptes  Rendus,  Nov.  13,  1882,  C. 

Optical  Study  of  Elasticity. — Loewy  and  Tresca  describe  an 
apparatus  for  the  accurate  optical  measurement  of  the  flexion  that  is 
produced  in  tubes  and  bars,  and  give  rules  for  its  employment  in  deter- 
mining co-efficients  of  elasticity.  They  claim  for  their  method  three 
principal  advantages.  1.  The  results  obtained  by  different  methods 
check  one  another,  so  as  to  give  conclusions  of  great  precision.  2.  The 
apparatus  is  so  arranged  as  to  prevent  systematic  errors.  3.  The  values 
obtained  vary  as  the  square  of  the  flexion,  so  that  accidental  errors 
have  but  a  slight  influence.  The  sensibility  of  the  apparatus  is  such 
that  the  addition  of  a  single  gramme  produces  an  effect  which  can  be 
easily  measured. — Comptes  Rendus,  Dec.  4,  1882.  C. 

Digestive  Power  of  Papaine. — Adam  Wurtz  reports  an  experi- 
ment, in  which  papauie  dissolved  a  thousand  times  its  weight  of 
moist  fibrine,  the  greatest  part  of  which  was  transformed  into  peptone^ 
not  precipitable  by  nitric  acid  and  which,  by  means  of  a  complete 
hydration  of  the  fibrine,  even  formed  a  small  quantity  of  a  crystalli- 
zable  starchy  substance,  such  as  is  often  observed  in  good  pepsinic 
digestions.  In  another  experiment,  0"05  gramme  (0'77  grain)  of  the 
same  papaine  liquefied  100  grammes,  or  2,000  times  its  own  weight,  of 
moist  fibrine,  with  the  exception  of  a  trifling  residue  of  dyspeptone. 
From  these  experiments  he  concluded  that  the  ferment,  being  of  an 
albuminoid  nature,  could  operate  on  itself  so  as  to  hydrate  itself. 
Experiments  showed  that  this  anticipation  was  correct.  In  one  case, 
17  grammes  of  fibrine  were  divided  as  fine  as  possible,  by  means  of 
scissors,  then  put  in  contact  for  a  few  minutes,  at  an  ordinary  tempera- 
ture, with  a  weak  solution  of  papaine,  then  pressed  and  washed  for 
half  an  hour  under  a  strong  jet  of  water,  and  then  washed  thoroughly 
with  distilled  water.  The  fibrine,  after  this  pressure  and  repeated 
washings,  was  digested  at  40°  (104°F.)  with  75  cubic  centimetres  of 
pure  water.  On  the  next  day  the  solution  was  complete,  with  the 
exception  of  about  one  per  cent,  of  dry  dyspeptone. —  Comptes  Rendus, 
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Origfin  of  Thermo-Electricity. — The  thermo-electric  batteries, 
and  especially  those  of  M.  Clamoiid,  had  raised  large  expectations 
because  the  corrosion  of  the  solderings  was  attril)nted  to  heat  alone, 
and  it  was  hoped  that  it  might  be  remedied,  Exner  has  just  shown 
that  it  is  due  to  oxidation  by  the  air,  aided  by  the  heat ;  and  that 
if  this  action  was  prevented,  by  the  use  of  nitrogen,  for  example, 
the  electric  current  Avould  not  be  formed.  Thermo-electric  batteries 
are,  therefore,  simply  gas-batteries,  in  which  certain  gaseous  fluids  act 
in  a  similar  manner  to  acid  liquids. — Chron.  Indusir.  C. 

Movements  of  Submerged  Bodies. — In  defending  his  hypo- 
thesis against  the  attacks  of  French  academicians.  Dr.  Siemens  refers 
to  the  experiments  of  Fronde,  at  Torquay,  under  the  direction  of  the 
English  Admiralty.  He  arrival  at  the  unexi)eclcd  result,  that  a  sub- 
merged body,  if  it  moves  with  a  uniform  velocity  through  a  perfect 
fluid,  will  encounter  no  resistance  whatever.  By  a  "  perfect  fluid  "  he 
understood  a  fluid  free  from  viscosity  or  quani  solidity  and  in  which  no 
friction  is  caused  by  the  gliding  of  its  particles  over  one  another  or 
over  the  surface  of  the  body.  The  luminiferous  aether  is  presum;il)ly 
such  a  fluid,  and  the  discussion  of  Sicmen's  theory  cannot  be  settled 
until  all  the  conse([uen('C'S  of  perfect  fluidity  are  duly  settled. — Comptes 
liciulus,  Nov.  27,  1882.  '  C. 

Malleable  Nickel.— Pure  nickel,  after  melting  and  casting,  gen- 
erallv  holds  a  greater  or  less  quantity  of  oxygen  in  solution  and  the 
metal  is  brittle.  To  hinder  the  injurious  eflects  of  the  oxygen,  it  is 
necessary  to  incorporate  in  the  melted  nickel  some  substance  which  has 
a  strong  affinity  for  oxygen  and  also  for  the  nickel  itself.  J.  Garnier 
finds  that  phosphorus  serves  both  of  these  purposes  very  satisfactorily, 
producing  effects  analogous  to  those  of  carbon  in  iron.  If  the  phos- 
phorus does  not  exceed  -^  of  one  per  cent,  the  nickel  is  soft  and  very 
malleable;  above  this  ([uantity  the  hardness  increases  at  the  expense 
of  the  malleability.  Pliosphorized  nickel,  when  alloyed  with  copper, 
zinc  or  iron,  gives  results  which  are  far  superior  to  those  that  are 
obtained  from  the  same  nickel  when  not  phosj)horized.  By  means  of 
the  phosi)horus,  Garnier  has  been  al)le  to  alN»y  nickel  and  iron  in  all 
proportions  and  always  to  obtain  soft  iind  malleable  j)roduct.s.  The 
contradictions  of  illustrious  chemists  are  thus  exjtlained,  some  saying 
that  such  alloys  were  brittle,  others  that  they  were  malleable  ;  the  latter 
had  allovfd  tli<'  nickel  to  |>liospli(irizcd  iron. — Comptes  Rnidus.  C. 
Whole  No.  Vol.  CXV.— Third  Skriks,  Vol.  Ixxxv.)  30 


4G6  Objections  to  Siemens'  Theory.         [Jour.  Frank.  Inst,, 

Newcastle  Coal. — The  Newcastle  basin  is  now  yielding  an  average 
annual  product  of  35,000,000  tons.  The  beds  extend  under  the  sea, 
and  there  has  been  some  question  as  to  the  limiting  depth  at  which 
they  can  be  worked.  Even  at  the  most  moderate  estimates,  it  is 
thought  that  there  are  at  least  seven  thousand  million  tons  which  can 
be  readily  mined,  which  would  be  enough  to  continue  the  present  sup- 
ply for  two  hundred  years. —  Les  Mondes,  Dec.  2,  1882.  C. 

Purification  of  Ores  by  Air  Blast. — In  the  neighborhood  of 
Genolhac  there  are  large  quantities  of  ochreous  earth,  containing  some 
threads  of  galena,  but  in  no  instance  does  the  proportion  of  lead  exceed 
seven  per  cent.  The  ore  is  consequently  very  poor,  but  it  is  so  abun- 
dant that  attempts  have  been  made  to  enrich  it  by  the  ordinary  pro- 
cesses of  washing.  These  attempts  having  failed,  it  occurred  to  the 
engineers  to  try  air,  which  was  forced  through  three  superposed  metal- 
lic cloths,  with  meshes  of  four,  five  and  ten  millimetres  ("157,  "197,  '394 
inches),  respectively.  The  air,  being  thus  perfectly  divided,  reaches  a 
rectangular  box,  at  the  extremity  of  which  a  hopper  distributes  regu- 
larly the  dried  and  pulverized  materials  which  it  is  desired  to  classify. 
The  Avorthless  portions,  being  the  lightest,  are  easily  driven  off  by 
the  blast ;  while  the  leaden  particles,  being  heaviest,  are  carried  to  the 
bottom. —  Comptes  Rendus.  C. 

Objections  to  Siemens'  Theory. — G.  A.  Hirn  calls  attention  to 
the  investigations  of  Henry  Sainte-Claire  Deville,  which  indicate  that 
none  of  the  known  chemical  compounds  could  exist  at  the  surface  of 
of  the  sun.  He  thinks,  therefore,  that  the  compounds  that  Siemens 
supposes  to  be  gradually  dissociated  by  solar  radiation  would  be  recom- 
bined  at  some  distance  from  the  photosphere,  and  that  the  compounds 
would  again  be  dissociated  before  reaching  the  sun's  surface.  This  act 
would  require  all  the  heat  which  had  been  developed  by  the  combina- 
tion, so  that  it  would  contribute  nothing  to  the  conservation  of  solar 
radiation.  He  agrees  with  Faye  in  thinking  that  an  absolute  material 
vacuum  is  required  to  secure  the  stability  of  movement  which  has  been 
found  by  astronomers.  This  vacuum  is  at  variance  with  the  doctrine 
which  attributes  all  physical  phenomena  to  the  movements  and  shocks 
of  independent  atoms.  He  thinks  that  the  defenders  of  this  doctrine 
will  some  time  be  compelled  to  admit  the  existence  of  some  immaterial 
agency,  such  as  Newton  recognized  in  his  remarkable  letter  to  Bentley. 
— Comptes  Rendus,  Nov.  6,  1882.  C. 
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Utilization  of  Cinders  and  Coal  Refuse.— Xoack  Dollfus 
has  prepared  a  valuable  paper  upon  the  preparation  of  beton  from  slag 
and  other  refuse,  by  the  addition  of  about  20  per  cent,  of  lime.  By 
using  the  methods  and  precautions  which  he  points  out,  foundation 
walls  and  superstructures  of  great  strength  and  durability  can  be  made. 
— Soc.  Industr.  de  MuUhouse.  C. 

New  Determination  of  the  Mechanical  Equivalent  of 
Heat. — Prof.  A.  Bartoli  has  recently  found  the  vahie  of  428"-i  kilo- 
grammetres  (771*12  ft.  lbs.)  for  the  mechanical  equivalent  of  heat,  by 
the  following  method.  He  used  a  steel  tube  into  which  he  introduced 
a  known  quantity  of  mercury  at  a  pressure  accurately  determined  and 
at  the  temperature  of  freezing  water.  The  interior  diameter  of  the 
tube  was  so  small,  and  the  length  so  greatt,  that  the  mercury,  on  its 
exit  from  the  tube,  had  scarcely  any  velocity.  Keeping  the  tempera- 
ture of  the  tube  at  the  freezing  point  by  means  of  ice,  he  measured  the 
quantity  of  ice  melted  and  thus  estimated  the  quantity  of  heat  de- 
veloped.— Hiv.  Sci.  Industr.  C. 

New  Theory  of  Gases. — A.  Gouilly  proposes  to  give  to  ther- 
modynamics an  experimental  point  of  departureof  a  greater  generality 
•than  the  laws  of  Mariotte  and  Gay-Lussac.  He  starts  from  the  pro- 
position that  the  calorific  capacities  of  gases  under  constant  pressure 
and  under  constant  volume,  are  independent  of  the  pressure  and  of  the 

dCl  . 
A^olume.     In  order  to  calculate  the  function  r,  so  that is  an  exact 

r 

•diiferential,  it  is  not  necessarj'  to  adopt  the  hypothesis  of  the  perfect 

gaseous  condition,  which  is  now  applicable  to  none  of  the  known  gases. 

It  is  preferable  to  take  the  gaseous  property  which  is  defined  by  the 

d  C  \ 

•expression  — —  =  0.     For,  while  the  laws  of  Mariotte  and  Gay-Lus- 
d  p 

sac  are  not  rigidly  ti'ue,  experiment  shows,  in  a  very  precise  manner,  at 
least  for  hydrogen  and  air,  that  the  calorific  capacity  under  constant 
pressure  is  independent  of  the  pressure.  In  admitting  for  gases  that 
the  two  specific  heats  are  independent  of  the  pressure  and  of  the  tem- 
perature, we  find  an  equation  with  three  coefficients  which  represents, 
even  for  carbonic  acid,  the  laws  of  compres.'^ibility  and  of  dilatation,  so 
tliat  the  natural  gases  approximate  the  condition  defined  by  tiiis  equa- 
tion, while  they  all  deviate  from  the  condition  of  a  perfect  gas. — Soc. 
Aesliuj,  Civ.,  Nov.,  1882.  C. 


468  Timnkling  During  Auroi'os.  [  Jouiv  Frank.  Inst.^ 

Coloring  Jewelry  by  Galvanism. — Fr.  Weil  has  exhibited  to 
the  French  Academy  various  articles  of  jewelry,  which  were  colored 
by  metallic  layers  deposited  by  electro-chemical  processes.  The  colors 
have  a  great  artistic  value  and  are  very  durable,  resisting  friction, 
moisture,  sulphuretted  hydrogen,  vapors  of  ordinary  burning  gas,  and 
the  action  of  light.  Edmond  Becquerel  recalled  the  experiments  of 
his  father,  in  coloring  metals  by  means  of  thin  layers  of  oxide  of  lead 
and  oxide  of  iron.  He  obtained  very  brilliant  shades  of  various  colors, 
and  he  found  that  by  increasing  the  thickness  of  the  layers,  he  could 
effectually  protect  metals  from  rust. — Gomptes  Rendus,  Nov.  20, 1882. 

Motion  of  Sun  Spots. — Spoerer,  in  a  letter  to  Faye,  reports  the 
results  of  comparisons  of  his  observations  for  twenty  years,  which  seem 
to  indicate  a  slight  tendency  in  sun  spots  to  move  towards  the  equator 
between  the  parallels  of  5°  and  10°,  aud  a  slight  tendency  to  move 
towards  the  poles  between  the  parallels  of  20°  and  25°.  Carrington 
and  de'  Rico  found  that  the  direction  towards  the  equator  predominated 
up  to  15°  of  latitude,  and  towards  the  poles  in  higher  latitudes.  The 
tendencies  were  so  slight  that  Carrington  did  not  attach  any  importance 
to  them.  Faye  regards  these  results  as  fatal  to  the  hypothesis  of 
Siemens,  for  if  the  sun  is  fed  by  an  influx  at  the  poles,  he  thinks  that 
there  should  be  a  uniform  tendency  of  the  spots  towards  the  equator 
in  all  latitudes. — Comptes  Rendus,  Dec.  4,  1882.  C. 

Twinkling  during  Auroras. — Arago,  in  his  admirable  note  on 
Scintillation,  says  that  at   the  end   of  the   18th  century  Dr.    Usher 
remarked,  that  at  Dublin  the  Northern  Lights  make  the  stars  singu- 
larly undulating  in  telescopes,  and  that  according  to  Neckers,  de  Saus- 
sure,  and  Forbes,  the  stars  do  not  twinkle  in  Scotland  unless  there  is 
an  aurora  visible.    Montigny's  observations  of  scintillation  have  coin- 
cided with  many  visible  auroras.  At  each  one  of  those  coincidences  the 
intensity  of  the  scintillation  was  much  greater  at  the  moment  of  the 
aurora  than  on  the  previous  evening  or  on  the  following  day,  when  the 
atmospheric  conditions  were  the  same  but  no  aurora  was  seen.     When, 
a  magnetic  perturbation  is  noticed  at  the  Brussels  observatory  without 
any  accompanying  visible  aurora,  the  intensity  of  the  scintillation  sud- 
denlv  increases,  and  it  is  then  much  greater  than  on  the  previous  even- 
ing or  on  the  following  day  under  the  same  atmospheric  conditions,, 
with  the  exception  of  the  magnetic  perturbations, —  Comptes  Rendus^, 
Feb.  26,  1883.  C. 
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Celestial  Physics. — Before  starting  upon  the  eclipse  expedition, 
Janssen  sent  a  communication  to  tlie  French  Academy,  upon  problems 
Avhich  he  is  investigating.  By  means  of  the  photographic  revolver,  lie 
finds  that  the  movements  of  the  granular  matter  of  the  sun  are  so  rapid 
that  the  appearance  of  any  photospheric  region  changes  at  very  brief 
intervals  ;  sometimes  the  space  of  a  second  is  sufficient  to  bring  about  a 
complete  change  in  the  form  of  a  granular  element.  The  velocity  of 
the  movements  is  extremely  variable,  but  it  is  generally  of  the  same 
order  of  magnitude  as  those  which  Lockyer  has  observed  in  the  gase- 
ous matter  of  solar  erui)tions.  He  has  long  been  occupied  with  the 
study  of  the  spectrum  of  water  vapor,  but  he  has  been  subject  to  fre- 
quent interruptions  on  account  of  the  interference  of  other  engagements 
and  the  difficulty  of  constructing  the  extensive  apparatus  which  is 
required.  He  hopes  soon  to  be  able  to  present  to  the  Academy  a  com- 
plete discussion  of  the  spectrum,  covering  the  whole  range,  from  the 
obscure  heat  to  the  ultra-violet.  The  knowledge  of  the  vapor  spectrum 
is  indispensable  for  determining  the  origin  of  a  large  portion  of  the 
telluric  rays;  it  is  equally  important  in  tlie  study  of  planetarv  atmos- 
pheres. In  the  stars  it  may  conduct  us  to  entirely  new  notions  about 
the  temperature  of  their  atmospheres. — Comptes  JRendus,  Feb.  26, 
1883.  C. 
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[From  the  Report  of  the  Secretary  at  the  Stated  Meeting  held  May  10,  1S83.] 


The  technical  papers  for  the  past  month  or  two  have  been  full  of 
accounts  of  a  new  ])rocess  for  manufacturing  the  metal  aluminium, 
said  to  have  originated  in  p]nglaiid,  and  by  which,  it  is  affirmed  in 
very  positive  terms,  the  price  of  this  metal  has  been  reduced  from 
S5,000  per  ton  to  .^500,  or  to  about  25  cents  per  pound.  I  shall 
in  the  proper  place  subject  this  alleged  iKnv  process  of  manufacture  to 
the  test  of  criticism,  to  judge  of  the  validity  of  the  claims  made  in 
its  behalf,  but  first  will  take  the  oj)portunity  of  giving  (he  subject  of 
aluminium — the  metal  of  day — a  general  consideration, 

Aluminium,  the  metallic  basis  of  clay,  is  even  more  widely  dissemi- 
nated over  the  surface  of  the  earth  than  iron.  It  is  one  of  the  con- 
stituents of  the  minerals  feldspar  and  mi<-a,  (»f"  which  the  granites  and 
gneisses  are  largely  made  up,  and  of  the  clays  which  result  from  the 
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disintegration  of  these  rocks.  It  exists  in  considerable  quantities,  also, 
in  nearly  all  the  so-called  crystalline  rocks,  and  the  silicates  of  alumina 
in  various  combinations  form  the  most  numerous  class  of  minerals. 

Abundant  as  are  the  ores  of  this  metal,  it  is  one  of  the  most  diffi- 
cult to  reduce.  Shortly  after  the  discovery,  near  the  beginning  of 
this  century,  by  Sir  Humphrey  Davy,  that  the  so-called  earths,  soda, 
potash,  lime,  alumina,  etc.,  were  metallic  oxides,  and  not  simple  bodies, 
as  had  hitherto  been  supposed,  and  his  demonstration  of  the  fact  by 
isolating  the  metals  sodium  and  potassium  with  the  aid  of  the  then 
newly  discoverd  galvanic  battery,  repeated  attempts  were  made  also  to 
isolate  aluminium,  the  metal  of  clay,  but  unsuccessfully,  until  at 
length,  after  many  failures,  the  efforts  of  Wohler  were  crowned  with 
success  in  the  year  1817.  The  properties  of  the  new  metal  were  found 
to  be  so  remarkable  that  the  attention  of  chemists  was  at  once  attracted 
to  the  subject  of  its  production ;  but  the  metal  obstinately  resisted 
all  efforts  to  produce  it  in  quantity  until  the  year  1854,  when  St. 
Claire  Deville  solved  the  problem  measurably,  by  reducing  the  metal 
from  anhydrous  chloride  by  reduction  with  metallic  sodium.  It  was 
thought  then  that  the  successful  solution  of  the  problem  of  producing 
aluminium  on  the  commercial  scale  would  speedily  bring  about  a  revo- 
lution in  the  metallurgical  world.  But  though  nearly  thirty  years 
have  elapsed  since  that  time,  aluminium  is  still,  by  reason  of  its  high 
price,  ranked  among  the  more  precious  metals,  and  is  consequently 
debarred  from  competition  with  copper,  zinc,  tin,  iron  and  steel  for 
the  numerous  industrial  uses  for  which  it  is  well  adapted,  by  reason  of 
its  many  admirable  and  unique  qualities.  What  these  are  will  appear 
from  the  following  brief  rehearsal : 

The  metal  aluminium  has  a  grayish-white  color,  between  that  of  zinc 
and  tin;  it  is  exceedingly  light,  being  only  two  and  a  half  times  heavier 
than  water — that  is,  about  three  and  a  half  times  lighter  than  copper, 
four  times  lighter  than  silver,  and  nearly  eight  times  lighter  than  gold. 
It  is  remarkably  sonorous,  giving  out  a  very  clear  musical  tone  when 
struck ;  it  is  very  unchangeable  in  the  atmosphere,  surpassing  in  this 
respect  most  of  the  baser  metals — iron,  copper,  etc.,  and  resembling  the 
precious  metals  silver  and  gold.  It  is  very  difficultly  oxidizable^ 
nitric  acid  (aqua  fortis),  which  attacks  and  destroys  nearly  all  the  metals 
with  the  greatest  energy,  having  little  or  no  action  upon  it,  and  even 
the  white  heat  of  the  furnace  only  suffices  to  oxidize  it  superficially. 
It  has  a  tensile  strength  equal  to  that  of  copper,  and  conducts  electri- 
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city  nearly  four  times  better  than  iron.  It  forms  alloys  with  many  of 
the  metals,  many  of  which  have  remarkable  qualities.  Of  these  allovs, 
those  with  copper — the  so-called  aluminium  bronzes — are  the  most 
notable,  being  posses.secl  of  such  valuable  properties  that  their  extensive 
adoption  in  the  arts  is  only  hindered  by  the  one  circumstance  of  their 
comparatively  high  cost. 

From  the  above  brief  resumi^  of  the  leading  characteristics  of  this 
remarkable  metal,  it  will  be  at  once  apparent  that  a  wide  field  would 
at  once  be  opened  for  it,  in  almost  every  department  of  industry,  if 
once  the  problem  of  its  cheap  ])roduction  were  solved ;  and  assuming 
the  truth  of  the  newspaper  accounts  respecting  the  alleged  new  process 
of  producing  it  in  England  at  25  cents  per  pound,  the  statement  that 
the  invention  would  "effect  important  changes  in  the  metal  trade,  not 
only  in  England  but  throughout  the  world,"  is  not  in  the  least  exag- 
gerated. 

Unfortunately,  however,  the  alleged  new  procedure  of  Mr.  Webster, 
of  Hollywood,  near  Birmingham,  which  has  been  the  recipient  of  a 
larger  share  of  gratuitous  advertising  than  any  other  patented  process 
that  has  appeared  for  some  yciirs,  will  not  bear  a  critical  investigation. 
The  process  embraces  two  principal  elements — the  preparation  of  an 
anhydrous  chloride  of  aluminium,  or  of  a  double  chloride  of  alumi- 
nium and  sodium,  by  a  very  tedious  and  roundabout  method  ;  and  from 
this  chloride,  the  metal  is  subsequently  obtained  by  tiie  use  of  sodium 
as  a  reducing  agent. 

I  was  greatly  interested  in  getting  at  the  details  of  this  new  pro- 
cess. Months  before  anything  was  published  concerning  it,  it  was 
whispered  in  scientific  circles  in  England  that  the  problem  of  the  cheap 
production  of  aluminium  hadatlengtii  been  solved.  Evx'n  so  eminent 
a  luminary  in  the  metallurgical  world  as  Sir  Henry  Bessemer,  in  an 
address  before  one  of  the  leading  British  engineering  bodies,  foreshad- 
owed the  announcement  of  some  remarkable  discovery,  and  set  all  the 
scientific  world  agog  with  curiosity.  At  length,  after  some  months  of 
patient  waiting,  the  technical  journals  of  England  announced  the  pro- 
cedure of  Mr.  Webster  with  a  grand  flourish  of  trumpets,  the  Ameri- 
can journals  have  taken  up  the  refrain,  and  it  appeared  to  occur  to  no 
one  to  subject  the  extravagant  claims  of  the  alleged  improvement  to 
the  test  of  intelligent  criticism.  For  myself,  I  c-amiot  refrain  from 
the  statement  that  I  was  more  than  astonished  that  claims  so  grossly 
and  palpably  erroneous  and  exaggerated  should  have  been  permittal 
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to  pass  unchallenged  in  the  country  where  they  originated,  and  which 
boasts  of  so  many  eminent  authorities  in  metallurgy. 

The  alleged  new  process  is  almost  a  literal  copy  of  the  old,  time- 
honored  method  introduced  and  practiced  in  France  for  the  past  twenty 
years.  In  the  only  important  features — namely,  the  production  of  an 
anhydrous  chloride,  and  the  reduction  of  this  by  means  of  sodium,  it 
is  absolutely  the  same.  The  only  features  that  can  be  called  new, 
relate  to  the  method  of  treating  the  raw  material  some  convenient  and 
cheap  aluminous  substance,  and  after  reading  Mr,  Webster's  patent 
specification,  I  am  Avell  satisfied  that  those  portions  of  the  process 
that  are  new  are  the  only  portions  that  are  worthless. 

All  this  may  seem  to  be  unnecessarily  severe  upon  Mr.  Webster,  but 
in  explanation,  I  have  to  urge  that  when  an  inventor  publishes  his 
invention  with  such  extravagance  of  statement,  he  must  expect  the 
most  searching  investigation  of  his  claims.  The  utter  absurdity  of  Mr. 
Webster's  claim  to  be  able  to  produce  aluminium  at  a  cost  of  .£100 
(about  $500)  per  ton,  which  would  be  equal  to  about  25  cents  per 
pound,  will  appear  from  the  simple  statement,  that  to  reduce  one  pound 
of  the  metal  from  the  chloride,  requires,  theoretically,  very  nearly  three 
pounds  of  metallic  sodium,  and  in  practice  nearer  four  pounds  than 
three,  and  the  cost  of  the  sodium  alone  required  for  the  reduction  of  a 
pound  of  the  metal  will  be  almost  one  dollar,  if  not  more,  to  say  noth- 
ing of  the  tedious  and  costly  preparation  of  the  chloride.  But  I  have 
said  enough.  Aluminium,  I  am  satisfied,  is  the  coming  metal, 
destined  one  day  to  play  as  prominent  part  in  the  arts  of  civilization, 
perhaps,  as  iron,  but  after  raising  our  expectations  to  so  exalted  a  jiitch, 
Mr.  Webster's  much  advertised  solution  of  the  problem  of  producing 
it  cheaply  forcibly  recalls  to  memory,  by  the  similarity  of  its  descent 
from  the  sublime  to  the  ridiculous,  the  old  quotation:  " Parturiunt 
montes,  nascetur  ridieulus  mus.'' 


Artificial    Filtering  Stone.— K.    Steinman,    in    Tiefenjurt   bet 

Gbrliiz,  proposes  filtering  plates  from  the  following  mixture : 

Clay '. 10  parts,  or  10  or  15 

Levigated  chalk 1  11 

Glass  sand,  coarse 55 

"  fine 25        65 

Ground  flint 30         5 

The  ingi-edients  are  mixed  thoroughly  in  water,  moulded,  and  hard 

burnt. — Dingier^ s  Journal.  C. 
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On  Friday  evcniug,  May  11th,  a  large  audience  of  pupils,  their 
friends  and  members  of  the  Institute  assembled  in  the  Hall  to  take 
part  in  the  closing  exercises  of  the  Drawing  School. 

The  exercises  comprised  the  exhibition  of  several  hundred  drawings 
{mechanical,  architectural  and  free-hand),  the  work  of  the  pupils  of 
the  school,  addresses  by  several  of  the  officers  and  members,  the  read- 
ing of  the  annual  report  of  the  Director  of  the  school,  and  the  delivery 
of  the  diplomas  to  those  who  had  satisfactorily  completed  a  full  course 
of  study  in  the  school. 

The  proceedings  were  opened  with  an  appro])riate  address  by  the 
President  of  the  Institute,  Mr.  Wm.  P.  Tatham.  After  explaining  the 
purpose  of  the  meeting,  he  spoke  of  the  great  satisfaction  with  which 
the  Bauxl  of  Managers  regarded  the  ])resent  very  pi'osperous  condition 
of  the  Drawing  School.  This  satisfaction,  he  said,  originated  not 
only  because  of  the  un])reccdentedly  large  number  of  the  pupils 
who  attended  the  school  during  the  past  year,  but  also  from  the  un- 
oisual  excellence  of  their  work  as  shown  by  the  specimens  on  exhibi- 
t\on,  which  demonstrated  at  once  the  thoroughness  of  the  instruction, 
the  faitlifulness  of  the  teachers  and  the  assiduity  of  the  puj)ils. 

The  Secretary  then  read  the  report  of  Mr.  Wm.  H.  Thorne,  Di- 
rector of  the  school. 

Annual  Report  of  the  Director  of  the  Drawhuf  School  of  the  Franklin 
Institute  for  the  Sessions  IS-SJ-lSSa. 

That  the  importance  of  some  knowledge  of  the  Art  of  Drawing  is 
l)ecoming  more  appreciated  every  year  is  evidenced  by  the  annual 
increase  in  the  number  of  students  in  this  school.  It  is  a  promising 
sign,  for  tlicre  is  no  sphere,  in  which  the  ability  to  express  concej)tions 
of  beauty  of  form  and  design,  or  ideas  of  mechanical  devices  and  con- 
structions, by  means  of  lines  drawn  on  jiapor  in  such  a  manner  ;is  to 
accurately  convey  these  conceptions  to  others,  will  not  prove  of  great 
value.  The  boy  who  attempts  to  make  a  bird-box,  will  save  time, 
vexation  and  material,  if  he  is  able  to  ])lan  it  on  pa|)cr,  altering  the 
design  until  it  suits  his  fancy  and  arranging  the  details  and  method  of 
construction  before  he  commences  the  work.  So  the  millionaire,  who 
is  about  to  have  a  mansion  built,  if  he  is  able  to  understand  the  archi- 
tect's plans,  can  criticise,  suggest  alterations  and  devise  conveniences, 
mIiIcIi  will  place  the  stamp  of  his  own  iii(lividu:dity  upon  it  and  |»r(»ve 
a  source  of  just  pride.     To  one  engaged   in  a  mechanical  or  industrial 


474  The  Draicing  School.  .       [Jour.  Frank.  Inst., 

pursuit,  a  knowledge  of  drawing  is  coming  to  be  indispensable,  and 
those  who  do  not  possess  it  will  inevitably  fiill  beliind  in  the  race.  To- 
quote  from  the  recently  published  autobiography  of  the  eminent  Scotch 
engineer,  James  Nasmyth  :  "  Mechanical  drawing  is  the  alphabet  of 
the  engineer ;  without  it  the  workman  is  merely  a  hand ;  with  it  he 
indicates  the  possession  of  a  head."  It  is  of  more  or  less  importance 
in  all  pursuits,  and  tliat  this  is  understood  is  shown  by  the  number 
and  the  vocations  of  the  students  in  our  school. 

The  number  of  students  this  year  amounted  to  402,  of  whom  210 
attended  the  winter  terra  and  1 92  the  spring  term.  In  each  term,  the 
school  was  divided  into  seven  classes  witli  an  instructor  for  each  class,. 
and  instruction  was  given  four  evenings  in  the  week  instead  of  two  a& 
heretofore,  on  account  of  limited  accommodations. 

The  progress  made  has  been  very  satisfactory  and  that  some  good 
work  has  been  done  is  shown  by  the  examples  exhibited.  The  interest 
taken  in  theoretical  drawing  is  encouraging,  as  particular  attention  has 
been  given  to  the  thorough  and  correct  teaching  of  the  principles  of 
projections  and  intersections  and  what  is  really  Descriptive  Geometry,, 
stripped  of  its  rules  and  put  into  a  practical  and  modern  form.  Many 
complete  Working  Drawings,  both  Mechanical  and  Architectural  have 
been  made  in  a  superior  style,  not  after  the  ordinary  scliool  systems 
but  by  the  metliods  employed  in  our  best  workshops.  In  the  Free 
Hand  Classes,  there  has  been  marked  progress,  and  several  of  the  stu- 
dents have  made  good  drawings  from  the  round.  There  is  a  great 
want  of  models,  casts  and  appropriate  accommodations  in  thisdepartment.. 

The  aim  has  been  to  make  the  instruction  practical  and  useful  and 
to  have  the  classes  so  graded  as  to  insure  systematic  progress.  The 
teaching  includes  correct  manipulation,  the  geometry  of  drawing  and 
its  application  to  the  useful  arts.  The  instructors  have  had  two  diffi- 
culties to  contend  with,  one  of  which  is  an  indifference  to  accuracy  and 
neatness  of  execution  on  the  part  of  some  of  the  students,  while  the 
other  is  the  apparent  inability  of  other  students  to  understand  the 
principles  involved,  although  taking  great  pride  in  the  appearance  of 
their  work.  But  few  appreciate  the  importance  of  both  a  thorough 
understanding  of  the  rationale  of  the  methods  employed  and  also  of 
precision  and  beauty  of  execution. 

The  following:  list  includes  those  who  have  shown  the  most  talent^ 
made  the  most  progress  and  produced  the  best  results,  for  which 
Honorable  Mention  is  made  of  them  : 
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lu  the  Senior  Mechanical  Classes. — Willis  H.  Groat,  Reinholdt 
Kuehln,  A.  M.  Hahn,  W.  J.  Bradley,  Albert  R.  Ridgeley,  J.  F. 
Braun,  Charles  A.  Eimert,  George  Eimert,  John  Louis,  ^I.  Morgan. 

In  the  Intermediate  ^lechanical  Classes. — Charles  B.  Scott,  Edw. 
A.  Miller,  Alphonso  Kirschner,  James  T.  Baker,  Jacob  Weber,  Wm. 
Levick,  Henry  H.  Brown,  Sidney  Xewbold,  E.  W.  Thomas,  Henry 
Kirst,  and  Fred'k  O'Xeill. 

In  the  Junior  Mechanical  Classes. — James  G.  Davis,  J.  N.  Butler, 
Justus  Allen,  William  Xace,  Joseph  Edel. 

In  the  Architectural  Class. — George  F.  Jackson,  A.  A.  Belfield, 
James  J.  Allen,  Alfred  Richardson,  Xewman  Collins. 

In  the  Free  Hand  Classes. — G.  H.  ^Merchant,  J.  J.  Reutlinger, 
Charles  Bregler,  Fred'k  Reutlinger,  Chas.  Fleming,  Siegfried  Kuder^ 
Max  Hindle,  Wm.  W^inneberger,  Carrie  Ayres. 

The  following  students,  having  completed  a  full  course  of  four 
terms,  are  recommended  for  the  award  of  certificates  to  that  effect : 

Willis  H.  Groat,  Reinholdt  Kuehln,  Albert  R.  Ridgeley,  W.  J. 
Bradley,  J.  F.  Braun,  A.  M.  Hahn,  G.  H.  Merchant,  J.  J.  Reutlinger, 
H.  S.  McCaffrey,  Rudolph  Boericke,  J.  L.  Taylor,  Wm.  B.  Thompson, 
Clark  T.  Dill,  C.  G.  Whittaker,  John  Fauser,  George  Keyser,  Charles 
McDowell,  Carroll  Lukens,  Wm.  S.  Moore,  Harry  Casey. 

The  results  of  the  year  are  encouraging  to  the  instructors  and  should 
be  staisfactory  to  the  Institute  and  also  to  the  pupils,  but  few  of  whom 
have  failed  to  receive  benefit  from  their  attendance.  The  efficiency  of 
the  school  has  been  largely  due  to  the  ability  and  hearty  co-operation 
of  my  assistant  instructors,  Messrs.  Carl  Barth,  Edw.  S.  Paxson,  C. 
Claussen,  Geo.  S.  Willets,  and  Wm.  P.  Dallett. 

Xext  year  the  school  will  be  better  prepared  than  ever  before  to 
meet  the  growing  demand  for  practical  instruction  in  Mechanical, 
Architectural  and  Free  Hand  Drawing. 

WM.  H.  THORXE, 

Director. 

At  the  close  of  the  reading  of  the  report  the  diplomas  were  deliv- 
ered by  the  President  to  the  pupils  who  were  entitled  to  receive  thenu 

After  the  close  of  the  formal  exercises,  brief  addresses  were  made  by 
Mr.  Hector  Orr,  Mr.  James  Fraiser,  and  the  Secretary.  An  inspection 
of  the  drawings  on  exiiibition  followed,  and  the  gathering  disj)ersed 
with  the  general  expression  of  sjitisl'action  with  the  work  of  the  school. 

W. 
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HEPOET  OF  THE  COMMITTEE  ON  SCIENCE  AND  THE 

ARTS  ON  HUGO  BILGRAM'S  IMPROVEMENT  IN 

GEARING  FOR  METAL  PLANERS. 


Philadelphia,  Pa.,  Ilarch  20,  1882. 

To  the  Committee  of  Science  and  the  Arts 

of  The  Franklin  Institute,  Philadelphia. 

Gentlemen: — Your  committee  appointed  to  examine  application 
No.  1210,  Hugo  Bilgram's  improvement  in  "gearing  for  metal  planers," 
met  and  examined  the  drawing  and  description  annexed  and  heard  the 
oral  explanation  of  Mr.  Bilgram. 

This  is  a  device  designed  to  overcome  the  objection  of  wear  and  lost 
motion  in  the  ordinary  gear  for  imparting  reciprocating  motion  to  the 
l)ed  of  metal  planers. 

It  consists  of  two  independent  sets  of  gear,  ingeniously  arranged, 
upon  one  set  of  shafts  and  boxes — one  set  imparting  the  slow  and 
•working  motion  and  the  other  the  reversing  or  idle  motion.  (See 
■detailed  description  attached). 

Each  train  of  gear  is  driven  by  the  belt,  fJrst  on  the  sIqw  and  for- 
ward train,  thus  propelling  the  bed  while  cutting;  then  the  belt  is 
shifted  by  the  shifting  arrangement  on  to  the  fast  or  returning  train, 
and  returns  the  bed  quickly,  at  the  same  time  propelling  the  first  train 
in  the  reverse  direction,  the  power  being  applied  through  the  rack  on 
i:he  bed  to  the  other  end  of  the  train.  There  being  no  cessation  of 
^contact,  no  points  form  back  lash. 

In  like  manner  the  reversing  train  is  propelled  in  its  reverse  direc- 
tion, so  there  is  no  lost  motion  or  back  lash  arising  from  it. 

To  prevent  the  trains  running  beyond  the  point  driven  by  the  bed, 
by  their  momentum  or  that  of  the  driving  pulleys,  there  is  placed  a 
frictional  leather  washer  against  the  sleeve  of  one  train  and  the  axle  of 
the  other. 

As  both  trains  move  in  the  same  direction  there  is  no  wear  on  this 
washer,  indeed  no  motion  except  the  slight  shift  that  may  be  occasioned 
by  much  wear  of  the  gears  after  long  use. 

Your  committee  are  of  the  opinion  that  this  device  is  a  good  and 
practicable  arrangement  for  correciting  the  defects  and  overcoming  the 
annoyance  arising  from  lost  motion  in  the  ordinary  gear  of  the  planing 
jnachine. 
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Hall  of  the  Institute. 

November  1,  1882. 
At  the  stated  meeting  of  the  Committee  ou  Science  and  the  Arts^ 
held  on  above  date,  it  was  decided,  on  motion  of  Mr.  Chabot,  to'amend 
the  report  by  incorporating  a  recommendation  for  the  award  of  the 
Scott  Legacy  Premium  and  Medal.  As  so  amended  the  report  was- 
adopted.  H.  R.  Heyl, 

Chairman. 
Attest :  AViLLiAM  H.  Wahl, 

Secretary. 

DETAILED    DESCRIPTION. 

The  object  of  the  invention  is  to  obviate  the  jar  occasioned  by  the 
back  lash  of  the  gears  at  the  instant  of  reversal  of  the  motion  of  the- 
table,  which  is  accomplished  by  supplying  two  independent  trains  of 
gears  to  connect  the  two  belt  pulleys  with  the  rack  of  the  table. 

Referring  to  the  accompanying  engraving,  B,  A  and  B'  represents  the 
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belt  pulleys,  of  wliich  B'  is  fixed  to  the  shaft  a,  while  the  i)ull(>y  B,  together 
with  the  ])inion  C,  to  whicii  it  is  united,  is  free  to  turn  upon  the  shaft 
a.  ^  is  the  loose  i)ulley.  The  pinion  C  engages  with  the  gear  Ey 
fastened  to  the  shaft  b,  which  latter  carries  the  pinion  F.  Upon  a 
tliird  shaft  c,  is  fixed  the  gear  G,  engaging  with  the  rack  II  of  the 
table.  Upon  the  shaft  r?,  is  fjLStened  a  small  gear  wheel  C  ;  another 
gear  wheel  D'  gears  both  into  C  and  tiie  gear  wlieel  E' .     By  this  gear 
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the  reverse  motion  is  produced,  though  both  pulleys  in  their  turn  are 
run  in  the  same  direction  by  the  belt.  The  gear  J^'  is  attached  to  one 
end  of  a  sleeve  e,  carrying  at  its  other  end  the  pinion  F'.  This  sleeve 
is  free  to  turn  upon  the  shaft  b.  The  pinion  F'  engages  with  a  wheel 
G',  loose  on  the  shaft  c,  which  gears  into  the  rack  H.  The  machine 
when  thus  constructed  is  run  by  a  single  belt  that  may  be  shifted  from 
one  pully  to  the. other. 

The  two  pulleys  B  and  B'  are  thus  connected  with  the  table  by  two 
independent  trains  of  gears.  When  the  belt  runs  on  the  pulley  B, 
moving  the  table  by  the  train  C,  E,  F,  G,  H,  the  second  train  C ,  D' , 
-E',  F',  G' ,  H  will  be  moved  by  the  rack  H,  whereby  the  teeth  of  the 
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latter  train  are  kept  in  working  contact  so  that  when  the  belt  is  shifted 
from  the  pulley  B  to  the  pulley  B' ,  the  train  is  ready  for  immediate 
action  without  loss  of  motion.  The  same  conditions  prevail  when  the 
belt  is  again  shifted  to  the  pulley  B. 

Either  one  of  the  two  trains  of  gears  when  moved  in  one  direction 
receives  its  motion  from  the  pulley,  while  when  moved  in  the  opposite 
direction  it  derives  its  motion  from  the  rack.  For  this  reason  the 
teeth  of  the  gear  wheels  are  constantly  kept  in  gearing  in  the  same 
sense,  and  hence  a  jar  resulting  from  back  lash  is  impossible. 


Pressure  Battery. — A,  P.  Zazareff  has  addressed  a  note  to  the 
French  Academy  relative  to  an  electric  pressure  battery.  The  produc- 
tion of  electricity  is  due  to  the  passage  of  a  solution  of  glycerine,  under 
the  action  of  a  pressure  which  is  more  or  less  severe,  through  a  mix- 
ture of  coke  and  anthracite. — Comptes  Rendus.  C. 
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Hall  of  the  Institute,  May  16th,  1883. 
The  meeting  was  called  to  order  at  tlie  usual  hour,  with  the  Presi- 
dent, Mr,  Wm.  P.  Tathem,  in  the  chair. 
There  were  present  80  members. 

The  minutes  of-  the  last  meeting  were  read  and  adopted. 
The  Actuary  submitted  the  minutes  of  the  Board  of  Managers,  and 
reported  that  at  the  stated  meeting  held  May  9th,  16  persons  had  been 
elected  to  membership. 

The  several  Special  Committees  reported  progress,  and  were  continued. 
Mr.  Robert  Grimshaw  read  a  paper  entitled  "  Comparison  of  Indi- 
cator Rigs,"  which  was  discussed  by  Mr.  John  W.  Xystrom.  An 
abstract  of  Mr.  Grimshaw's  paper  will  appear  in  the  Journal  for  July. 
The  Secretary's  report  embraced  a  criticism  of  certain  alleged  im- 
provements in  the  manufacture  of  aluminium  ;  an  account  of  recent 
improvements  in  the  secondary  battery  ;  a  brief  account  of  the  history 
and  engineering  features  of  the  East  River  bridge,  and  a  description 
of  a  number  of  inventions,  among  which  were  the  following,  viz.: 

John  G.  Baker's  meat  chopper,  dasigned  for -butchers,  farmers,  res- 
taurants, etc.  It  consists  of  a  hopper  and  cylinder  combined,  the  latter 
containing  the  screw  which  carries  the  meat  forward.  A  four-bladed 
knife  is  attached  to  the  end  of  the  screw  and  revolves  with  it  as  the 
•crank  is  turned.  A  plate  perforated  with  numerous  small  holes  fits 
into  the  end  of  the  cylinder  and  is  secured  in  position  by  a  ring  which 
screws  up  and  clasps  the  plate  tightly  against  the  knife. 

The  process  is  as  follows  :  The  meat  is  fed  into  the  iiopper  and 
carried  forward  by  the  screw  until  it  reaches  the  perforated  plate,  when 
the  pressure  forces  it  into  each  of  the  small  holes  in  the  plate,  where  it 
is  chopped  off  by  the  revolving  knife  which  makes  four  cuts  for  each 
hole,  with  every  revolution  of  the  crank,  the  small  pieces  thus  cut 
being  forced  out  by  the  continuous  pressure  from  the  interior  of  the 
■cylinder. 

A  number  of  these  machines  of  various  sizes  were  exiiibitcd,  among 
them  being  one  of  large  dimensions  driven  by  power,  and  having  a 
capacity  of  1,000  pounds  per  hour. 

The  Rue  Manufacturing  Co.'s  Boiler  Testing  Ajjparatus,  is  a  combi- 
nation of  two  instruments — the  one  filling  the  boiler,  the  other  apply- 
ing the  pressure.     It  is  designed  to  test  boilers  with  warm  water  under 
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a  continuous  even  pressure  without  shock  or  jar,  which,  it  is  affirmed^ 
Ciinnot  be  done  with  a  pump  and  cold  water. 

The  Rue  Manufacturing  Co.'s  Boiler  Testing  Apparatus,  is  designed 
to  dispense  with  the  usual  cold  water  test.  The  method  consists  in; 
filling  the  boiler  full  of  hot  water  (say  180°  or  more),  then  applying- 
the  required  pressure  by  means  of  an  injector  constructed  for  the  pur- 
pose, which  also  continues  to  add  heated  water  to  tha  boiler.  A  safety 
or  relief  valve  is  set  to  open  at  the  pressure  to  which  it  is  desired  to- 
test  the  boiler,  and  the  operation  of  the  injector  is  such  as  to  accumu- 
late and  maintain  that  pressure  constantly  and  as  long  as  may  be 
required.  The  apparatus  consists,  therefore,  substantially  in  the 
arrangement  of  an  injector  and  ejector  especially  constructed  and  con- 
nected for  the  purposes  above  described. 

Gray's  Grindstone  Dressing  Machine,  for  truing  the  faces  of  grind- 
stones, exhibited  on  behalf  of  G.  A.  Gray  &  Co.,  Cincinnati,  con.  st& 
of  a  series  of  serrated  disks  placed  in  a  gang  on  a  rod  held  in  a  suita- 
ble fixture  and  brought  into  contact  with  the  face  of  the  stone  to  be 
dressed.  The  spurs  or  disks  revolve  independently  and  pick  the  surface 
instead  of  scraping  it. 

Shrieves  &  Cook's  Chemical  Underground  Electrical  Conduit,  i& 
made  by  providing  troughs  formed  of  earthenware  or  other  material^ 
which  are  placed  in  suitable  trenches  and  the  wires  stretched  therein. 
The  filling  employed  is  a  mixture  of  sulphur  and  sand  or  other  sili- 
ceous material,  forced  into  successive  sections  of  the  line  in  a  melted 
state.  This  compound  is  claimed  to  be  "  hard,  water-proof,  and  inde- 
structible," and  the  method  is  said  to  afford  an  excellent  insulation,, 
durability,  economy  and  convenience  of  laying  such  conduits. 

Xeracher's  Automatic  Hose-reel,  for  mills,  warehouses,  railway  sta- 
tions, etc.,  was  exhibited  by  Mr.  Wm.  H.  Johnson.  The  reel  is  pro- 
vided with  a  permanent  connection  with  the  water  supply,  and  the 
playing  out  of  the  hose  automatically  turns  on  the  water  by  opening 
the  valve. 

The  Planetary  Car  Wheel  of  Mr.  H.  G.  Yates,  consists  of  a  series 
of  friction  rolls  upon  which  the  axle  revolves.  These  rolls  are  dis- 
posed in  such  a  manner  as  to  reduce  friction  and  wear  to  a  minimum. 

Under  New  Business,  Mr.  E.  Alexander  Scott  was  accredited  as  a 
delegate  to  represent  the  Institute  at  the  Exhibition  of  Railway  Appli- 
ances, about  to  be  held  in  Chicago.  Whereupon,  the  meeting  was- 
adjourned.  William  H.  Wahl,  Secretary. 


/ 

,  7 


T  Franklin  Institute, 

1  Philadelphia 
F8  Journal 

V.115 

'^iilllf 


EagineeriBg 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 


UNIVERSITY  OF  TORONTO  LIBRARY 


r 

3^ 


/ 


*^*;: 


m. 


llr-'^" 


4^ 


